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PURINE DERIVATIVES AS KINASE INHIBITORS 

Glycogen synthase kinase-3 (GSK-3) is a serine/threonine protein kinase first 
discovered as one of a number of kinases capable of phosphorylating and inactivating 
glycogen synthase, the regulatory enzyme of glycogen synthesis in mammals (Embi, et aL, 
Eur. J. Biochem, 107, 519-527 (1980)). Existing in two isoforms, GSK-3cc and GSK-30, 
GSK-3 phosphorylates a wide variety of proteins in vitro . The diversity of these proteins 
suggests a role for GSK-3 in the control of cellular metabolism, growth, and development. 

Type I diabetes is characterized by a lack of insulin resulting from the destruction 
of insulin producing cells in the pancreas. Type II diabetes is characterized by defective 
insulin secretion and action. The binding of insulin to its receptor initiates a cascade of 
events resulting in the phosphorylation and inhibition of GSK-3, contributing to the 
insulin-induced stimulation of glycogen and protein synthesis. Inhibitors of GSK-3 have 
been shown to mimic the actions of insulin (Coghlan, et al., Chem. Biol.. 7, 793-803 
(2000)), including the ability to lower blood glucose levels in vivo (Norman, Drug News 
Perspect.. 14, 242-247 (2001)). These recent discoveries suggest that inhibitors of GSK-3 
have a potential role in the treatment of diabetes. 

Alzheimer's disease is characterized by the micro-tubule-associated protein Tau 
existing in an abnormally hyperphosphorylated state (Cohen and Frame, Nature Reviews: 
Molecular Cell Biology. 2, 769-776 (October 2001) <www.nature.com/reviews/mol- 
cellbio>). GSK-3 phosphorylates many of the hyperphosphorylated sites on Tau in vitro. 
preventing it from binding to microtubules, making it available to undergo the aberrant 
filament assembly that may underlie the neuronal degeneration observed in Alzheimer's 
disease and other neurological disorders. Inhibitors of GSK-3, such as insulin and lithium 
ions, have been shown to induce a partial dephosphorylation of Tau in neuronal cells 
(Cross, et al., J. Neurochem.. 77, 94-102 (2001)). These discoveries suggest that 
inhibitors of GSK-3 have a potential role in the treatment of degenerative neurological 
disorders such as Alzheimer's disease. 

WO 98/16528 describes purine derivatives, WO 99/65897 describes pyrimidine 
and pyridine derivatives, WO 00/38675 describes maleimides, and WO 01/56567 
describes diaminothiazole derivatives that are taught to be inhibitors of GSK-3. 
Additional GSK-3 inhibitors are necessary to provide treatments for GSK-3 mediated 
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endocrine and neurological disorders. Hie present invention provides inhibitors of GSK- 
3. 

The present invention provides compounds of Formula I: 




I 



where: 

R 1 is hydrogen, halo, or C1-C4 alkyl; 
mis 0, 1, 2, 3, or 4; 

R is -(CH^-, -CH(CH 3 )-, -C(CH 3 )2-, -CH^-OEfc-, or 
-CH(OH>CH(OH)-CH2S 

Q ! is CH(OH) or carbonyl; 
nis 0, 1, 2, 3, or 4; 

W-X-Y is -CH*-CH 2 -CH 2 -, -CH(R r )-N(R 2 )^H(R 3 K -N(rVXO)-CH 2 ~, 
-C(0)-Q 2 -CH 2 -, -CH(R 3 ')-0-CH 2 -, or -CH(R 3 VnCR^O)-; 
(^is-NCRVor-CH^; 

R 2 is hydrogen, -(C1-C4 alkylene>R 5 , C5-C7 cycloalkyl, tetrahydropyran^-yl, 
pyridinyl, pyrimidinyl, triazolyl optionally substituted with amino, benzothiazol-2-yl, 
-C(S)-(morpholin-4-yl or C1-C4 alkoxy), -C(NR 16 )R 17 , -C(0)R 6 , -C0 2 R 7 , -CO(NR 8 R 9 ), 
-SOaCNR^ 9 ), -SO^Q-Q alkyl), or an amino acid residue: 

R 3 and R 3 ' are independently selected from the group consisting of hydrogen and 
C1-C4 alkyl provided that only one of R 3 and R 3 ' may be C1-C4 alkyl; 

R 4 is hydrogen or C|-C 4 alkyl; 

R 5 is hydrogen, pentahaloethyl or trihalomethyl, cyano, hydroxy, C1-C4 alkoxy 
optionally substituted with C1-C4 alkoxy, C3-Q cycloalkyl, phenyl optionally substituted 
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with up to three substituents independently selected from the group consisting of halo and 
C1-C4 alkoxy, pyridinyl, imidazolyl optionally substituted on a nitrogen atom with C3-Q 
cycloalkyl, morpholin-4-yl, pyirolidin-1-yl, -CO2H, -CO(Ci-C 4 alkoxy), -COCNR'fc 9 ), - 
or -(morpholin-4-yl)carbonyl; 

R 6 is hydrogen, C1-C10 alkyl optionally substituted with up to three halo 
substituents, l-amino-2-methoxyeth-l-yl, C3-Q cycloalkyl, pyridinyl optionally 
substituted with C1-C4 alkyl, trifluoromethyl, carboxyl, or (C1-C4 alkoxy)carbonyl, 
pyridinyl-N-oxide, pyrazinyl, pyrimidinyl, imidazolyl, morpholin-4-yI optionally 
substituted with up to two C1-C4 alkyl groups, [l,4]oxazepin-4-yl, azetidin^-yl, 
tetrahydropyran-4-yl, 3-methyl-6,7-dihydropynx>lo[l t 2-a]imidazol-6-yl, piperazin-4-yl 
optionally substituted in the 4 position with phenyl or C1-C4 alkyl, pyrrolidin-l-yl, 
piperidin-l-yl optionally substituted in the 4-position with oxo or geminal dimethyl, 
piperidin-4-yl optionally substituted in the 1-position with (Q-C4 alkoxy)caibonyl or Ci- 
C 4 alkyl, or-<Ci-C 4 alkylene)-R 10 ; 

R 7 is Ci-Q alkyl optionally substituted with halo, 2-methoxyeth-l-yl, -(Ci-C 2 
alkylene)-(morpholin-4-yl or pynolidin-2-on-l-yl), or phenyl optionally substituted with 
one or two substituents independently selected from the group consisting of halo, C1-C4 
alkyl, C1-C4 alkoxy, and trifluoromethyl; 

R 8 is hydrogen or Ci-Q alkyl optionally substituted with C1-C4 alkoxy; 
R 9 is hydrogen or Ci-Q alkyl optionally substituted with C1-C4 alkoxy; 
R 10 is -OCH2CH2OCH3, -NR 14 R 15 , C 3 -C6 cycloalkyl, morpholin-4-yl, 
tbiomorpholin-4-yl, l,l-dioxothiomorpholin-4-yl, piperidin-l-yl, pyrrolidin-2-yl 
optionally substituted at the 1-position with C1-C4 alkyl, or imidazolyl optionally 
substituted with nitro; 

At is benzofur-4-yl, benzofur-7-yl, benzothien-4-yl, benzothien-7-yl, 1- 
(R n )benzimidazol-4-yl, l-(R n )indol-4-yl, indol-7-yl, isoquinolin-5-yl, 23-dihydrobenzo- 
fur-4-yl, 2,3-dihydrobenzofur-7-yl, 13-dihydxoisobenzofiir-4-yl, 1 3-dihydroisobenzofur- 
5-yl, benzo[l,3]dioxol-4-yl, benzo[13]dioxol-5-yl, 2,3-dihydrobenzo[l f 4]dioxin-5-yl, 
2^-dihydrobenzo[l,4]dioxin-6-yl, 2'^'Klifluoiobenzo[l,3]dioxol-4-yl, or2 , ^ , -difluon>- 
benzo[l,3]dioxol-S-yl each optionally substituted in the phenyl ring with substituents R 12 
and R 13 , or Ar is a group selected from imidazo[l,2-a]pyridin-3-yl optionally substituted 
with one or two substituents independently selected from the group consisting of halo, 
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amino, C1-C4 alkyl, C1-C4 alkoxy, benzyloxy, cyano, and trifluoromethyl, 5,6,7,8- 
tetrahydroimidazo [ 1 ,2-a]pyridin-3 -yl , imidazo[l,2^]pyridin-5-yl, imidazo[l,2- 
a]pyrimidin-3-yl optionally substituted with amino, imidazo[l,2<|pyrimidin-3-yl, 
imidazo[l ,2-a]pyrazin-3-yl, imidazo[l,2-&]pyridazin-3-yl, imidazo[2,l-fc]thiazol-3-yl, 
thiazolo[3^-&][l A4]triazol-6-yl, furo[3,2-c]pyridin-7-yl optionally substituted with halo 
or -NR 14 R 15 , thieno[3,2-J>]pyridin-7-yl, pyrazolo[23-a]pyridin-3-yl, pyrazolo[l,5- 
tf]pyridin-3-yl, or 4,5,6,7-tetrahydropyrazolo[l,5^]pyridin-3-yl; 
R 11 is hydrogen, C1-C4 alkyl, or -<CH2)p-G; 

R 12 is halo, hydroxy, amino, Q-C4 alkoxy, -NHC(0)(Ci-C 4 alkyl), or 
-0-(CH 2 )p-G; 

R 13 is halo; 

pis 2, 3,4, or 5; 

G is hydroxy or NR I4 R 15 ; 

R 14 and R 15 are independently selected from the group consisting of hydrogen and 
C1-C5 alkyl; 

R 16 is hydrogen or cyano, 

R 17 is -NR 8 R 9 , C1-C4 alkyl, morpholin-4-yl , or piperidin-l-yl; or a 
pharmaceutically acceptable salt thereof, provided that when n is 0, W-X-Y is not 
-CH(R 3 VN(R 2 )-C(0)-. 

The present invention further provides a method of inhibiting GSK-3 in a mammal 
comprising administering to a mammal in need of such treatment an effective amount of a 
compound of Formula L 

The present invention also provides a method of treating diabetes in a mammal 
comprising administering to a mammal in need of such treatment an effective amount of a 
compound of Formula L 

The present invention also provides a method of treating Alzheimer's disease in a 
m a mmal comprising administering to a mammal in need of such treatment an effective 
amount of a compound of Formula L 

The present invention further provides a method of stimulating bone deposition in 
a mammal comprising administering to a mammal in need of such treatment an effective 
amount of a GSK-3 inhibitor. 
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The present invention also provides a method of stimulating bone deposition in a 
mammal comprising administering to a mammal in need of such treatment an effective 
amount of a compound of Formula L 

The present invention also provides a pharmaceutical formulation comprising a 
compound of Formula I, in combination with a pharmaceutical^ acceptable carrier, 
diluent or excipient 

This invention also provides the use of a compound of Formula I for the 
manufacture of a medicament for the inhibition of GSK-3. Additionally, this invention 
provides a pharmaceutical formulation adapted for the treatment of diabetes containing a 
compound of Formula I. Furthermore, this invention provides the use of a compound of 
Formula I for the manufacture of a medicament for the treatment of diabetes. This 
invention also provides the use of a compound of Formula I for the manufacture of a 
medicament for the treatment of Alzheimer's disease. The present invention also 
provides a formulation adapted for stimulating bone deposition in mammals containing a 
compound of Formula. The present invention further provides the use of a compound of 
Formula I for the manufacture of a medicament for stimulating bone deposition. 

The general chemical terms used in the formulae above have their usual meanings. 
For example, the term "Q-Q alkyl" includes methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tot-butyl, neopentyl, and hexyl moieties. Hie term "C1-C4 alkoxy" is 
taken to mean a C1-C4 alkyl group linked to the parent molecule through an oxygen atom, 
and includes the groups methoxy, ethoxy, isopropoxy, and the like. likewise, the term 
"Q-C4 alkylthio" is taken to mean a C1-C4 alkyl group linked to the parent molecule 
through a sulfur atom, and includes methylthio, ethylthio, isobutylthio, and the like; The 
term "halo" includes fluoro, chloro, bromo, and iodo. 

The term "(C r C 4 alkylene^R 5 " is taken to mean a linear or branched alkylene 
chain substituted at any carbon atom with the variable R 5 and includes, for example, 
linear or branched alkyl chains, benzyl, and a-methylbenzyl moieties. 

likewise, the term "(C1-C4 alkylene>R 10 " is taken to mean a linear or branched 
alkylene chain substituted at any carbon atom with the variable R 10 and includes, for 
example, linear or branched alkyl chains, benzyl, and oc-methylbenzyl moieties. 

The term "amino acid residue" is taken to mean an amino acid moiety selected 
from the group consisting of alanyl, arginyl, asparaginyl, aspartyl, cysteinyl, glutaminyl, 
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glutamyl, glycyl, histidyl, isoleucyl, leucyl, lysyl, methionyl, phenylalanyl, phenylglycyl, 
prolyl, seryl, threonyl, tryptophanyl, tyrosyl, and valyl bonded through an acid carbonyi. 

The term "GSK-3" is taken to mean GSK-3cc and/or GSK-30. 

The term "diabetes" is taken to mean Type I and/or Type II diabetes. 

Hie skilled artisan will appreciate that certain compounds of Formula I contain at 
least one chiral center. Hie present invention contemplates all individual enantiomers or 
diastereomers, as well as mixtures of the enantiomers and diastereomers of said 
compounds including racemates. It is preferred that compounds of Formula I containing 
at least one chiral center exist as single enantiomers or diastereomers. Hie single 
enantiomers or diastereomers may be prepared beginning with chiral reagents or by 
stereoselective or stereospecific synthetic techniques. Alternatively, the single 
enantiomers or diastereomers may be isolated from mixtures by standard chiral 
chromatographic or crystallization techniques. 

It will be understood by the skilled reader that most or all of the compounds of the 
present invention are capable of forming salts. In all cases, the pharmaceutically 
acceptable salts of all of the compounds are included in the names of them. The 
compounds of the present invention are amines, and accordingly react with any of a 
number of inorganic and organic acids to form pharmaceutically acceptable acid addition 
salts. Preferred pharmaceutically acceptable salts are those formed with hydrochloric acid 
or methanesulfonic acid. 

While all of the compounds of Formula I are useful inhibitors of GSK-3, certain 
classes of compounds are preferred. The following paragraphs describe such preferred 
classes: 

aa) W-X-Y is -CH2-CH2-CH2-; 

ab) W-X-Y is -CH(R 3 VN(R 2 )-CH(R 3 >-; 

ac) W-X-Y is -CH(R 3 >0-CH2-; 

ad) Ris^CH 2 ) n -; 

ae) Ris-C(CH 3 )2- 

af) m is 0, 1, or 2; 

ag) m is 0; 

ah) nis 0, l,2,or3; 

ai) n is 1; 
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aj) n is 3; 

ak)R* isH; 

al) R 1 is halo; 

am) R 1 is chloro; 

an) R 1 is fluoro; 

ao)R 2 is H; 

ap)R 2 is-C0 2 R 7 ; 

aq) R 7 is d-C 6 alkyl; 

ar) R 7 is ethyl; 

as) R 7 is isopropyl; 

at) R 7 is isobutyl; 

au) R 7 is tot-butyl; 

av) R 7 is 2-methoxyeth-l-yl; 

aw) R 7 is (Ci-C 2 alkylene)morpholin-4-yl; 

ax) R 7 is (morpholin-4-yl)methyl; 

ay) R 7 is (Ci-C 2 alkylene)pyirolidin-2-on- 1 -yl ; 

az) R 7 is (pyrrolidin-2-on-l-yl)methyl; 

ba) R 2 is (C1-C4 alkylene)-R 5 ; 

bb) R 5 is hydrogen; 
be) R 2 is methyl; 

bd) R 2 is isopropyl; 

be) R 5 is cyano; 

bf) R 2 is cyanomethyl; 

bg) R 5 is phenyl optionally substituted with halo; 

bh) R 2 is benzyl; 

bi) R 2 is 4-fluorobenzyl; 
bj) R 5 is pyridinyl; 
bk)R 5 is pyridin-3-yl; 

bl) R 2 is (pyridin-3-yl)methyi; 
bm) R 5 is C 3 -Q cycloalkyl; 
bn) R 5 is cyclopropyl; 
bo) R 2 is (cyclopropyl)methyl; 
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bp) R 5 is Q-C4 alkoxy; 

bq) R 5 is methoxy, 

br) R 2 is 2-(methoxy)eth-l-yl; 

bs) R 5 is mqrpholin-4-yl; 

bt) R 2 is 2-(morpholin-4-yl)eth-l-yl; 

bu) R 5 is l-(cyclohexyl)imidazol-5-yl; 

bv) R 2 is (l-(cyclohexyl)imidazol-5-yl)methyl; 

bw)R 2 is-C(0)R 6 ; 

bx) R 6 is C1-C10 alkyl optionally substituted with up to three halo substituents; 
by) R 6 is methyl; 
bz)R 6 is ethyl; 

ca) R 6 is propyl; 

cb) R 6 is isopropyl; 

cc) R 6 is 3-methylbut-l-yl; 

cd) R 6 is difluoromethyl; 

ce) R 6 is 33,3-trifluoroprop-l-yl; 

cf) R 6 is heptyl; 

eg) R 6 is morpholin-4-yl optionally substituted with up to two Ci-C 4 alkyl 
substituents; 

ch) R 6 is morpholin-4-yl; 

ci) R 6 is cis-2.6-dimethylmorpholm-4-yl; 
cj) R 6 is piperidin-l-yl; 

ck) R 6 is piperidin-4-on-l-yl; 
cl) R 6 is tetrahydropyran-4-yI; 
cm) R 6 is 4-phenyIpipCTazin-l-yl; 
cn) R 6 is [l,4]oxazepin-4-yl; 
co) R 6 is C3-Q cycloalkyl; 
cp) R 6 is cyclopropyl; 

cq) R 6 is pyridinyl optionally substituted with C1-C4 alkyl or trifluoxomethyl; 

cr) R 6 is pyridin-3-yl; 

cs) R 6 is 2-trifluoromethylpyridin-4-yl; 

ct) R 6 is 2-methylpyridin-5-3d; 
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cu) R 6 is (Ci-C* alkylene)-R 10 ; 

cv) R 10 is C3-Q cycloalkyi; 

cw) R 10 is cyclopentyl; 

cx) R 6 is (cyclopentyl)methyl; 

cy) R 10 is thiomorpholin-4-yl; 

cz) R 6 is (thiomorpholin^-yl)methyl; 

da) R 2 is -C^CNRV); 

db) R 8 and R 9 are both hydrogen; 

dc) one of R 8 and R 9 is hydrogen and the other is methyl; 

dd) R 8 and R 9 are both methyl; 

de) R 8 and R 9 are both ethyl; 

df) R 8 and R 9 are both propyl; 

dg) R 8 and R 9 are both isopropyl; 

dh) R 8 and R 9 are both butyl; 

di) R 8 and R 9 are both isobutyl; 
dj) R 2 is C 3 -C 6 cycloalkyl; 

dk) R 2 is cyclopentyl; 

dl) R 2 is pyrimidin-2-yl; 

dm) R 2 is pyridin-2-yl; 

dn) R 2 is tetrahydropyran-4-yl; 

do) R 2 is -C(S)-(morpholin-4-yl); 

dp) R 3 is H and R 3 ' is C1-C4 alkyl; 

dq) R 3 is C1-C4 alkyl and R 3 ' is H; 

dr) R 3 and R 3 ' are both H; 

ds) R 3 is methyl; 

dt) R 3 ' is methyl; 

du) At is benzofur-4-yl; 

dv) At is benzofur-7-yl; 

dw) At is 2,3-dihydrobenzofur-4~yl; 

dx) Ar is l-(R 1! )indol-4-yl; 

dy) Ar is l-0R n )benzimidazol-4-yl; 
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dz) At is imidazo[l ,2-a]pyridin-3-yl optionally substituted with one or two 
substituents independently selected from the group consisting of halo, C1-C4 alkyl, and 
C1-C4 alkoxy; 

ea) At is imidazo[l,2-a]pyridin-3-yl; 

eb) Ar is imidazo[l,2-a]pyridin-3-yl substituted with halo; 

ec) At is imidazo[l,2-a]pyridin-3-yl substituted with fluoio; 

ed) At is 8-fluoroimidazo[l,2-a]pyiidin-3-yl; 

ee) At is imidazo[l,2-a]pyridin-3-yl substituted with chloro; 

ef) At is 7-chloroimidazo[l,2-a]pyridin-3-yl; 

eg) At is 8-chloroimidazo[l,2-a]pyridin-3-yl; 

eh) Ar is imidazo [ 1 ,2-a] pyridin- 3 -yl substituted with bromo; 

ei) Ar is 6-bromoimidazo[l,2-a]pyridin-3-yl; 

ej) Ar is imidazo[l,2-a]pyridin-3-yl substituted with C1-C4 alkyl; 

ek) Ar is imidazo[l,2-a]pyridin-3-yl substituted with methyl; 

el) Ar is 2-methylimidazo[l,2-a]pyridin-3-yl; 

em) Aris 6-methylimidazo[l,2-a]pyridin-3-yI; 

en) Ar is 7-methylimidazo[l,2-a]pyridin-3-yl; 

eo) Ar is 8-methylimidazo[l,2-&]pyridin-3-yl; 

ep) Ar is 6,8-dimethylimidazo[l,2-a]pyridin-3--yl; 

eq) Ar is imidazofl r 2-a]pyridin-3-yl substituted with C1-C4 alkoxy, 

er) Ar is imidazo[l,2-a]pyridin-3-yl substituted with methoxy; 

es) Aris 7-methoxyimidazo[l,2-a]pyridin-3-yl; 

et) Ar is 8-methoxyimidazo[l^a]pyridin-3-yl; 

eu) Ar is imidazo[l,2-a]pyridin-7-yl; 

ev) Ar is furo [3 ,2-c]pyridin-3-yl ; 

ew) Ar is imidazo[l^-i]pyridazin-3-yl; 

ex) Aris 6-methylimidazo[l^-6]pyridazin-3-yl; 

ey) Ar is pyrazolo[l,5^]pyridin-3-yl; 

ez) Ar is 4,5,6 J-ted^ydropyimolo[l,5-a]pyridin-3-yl; 

fa) R 11 is hydrogen; 

fb) R u is-(CH2)p-G; 

fc) p is 3; 
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fd) G is hydroxy; 

fe) R 12 ishalo; 

ff) R 12 is fluoro; 

fg) R 12 is hydroxy; 

fh) R 12 is C1-C4 alkoxy; 

fi) R 12 is methoxy; 

fj) R 12 is -NHC(0)(C,-C 4 alkyl); 

fk)R 12 is-NHC(0)CH 3 ; 

fl) R 13 is fluoro; 

fm) Hie compound is a free base; 

fh) The compound is a salt; 

fo) The compound is the hydrochloride salt. 
It will be understood that the above classes may be combined to form additional 
preferred classes. 

The compounds of Formula I are inhibitors of GSK-3. Thus, the present invention 
also provides a method of inhibiting GSK-3 in a mammal that comprises administering to 
a mammal in need of said treatment a GSK-3 inhibiting amount of a compound of 
Formula L The present compounds are believed to be useful in treating Type I and/or 
Type II diabetes. Furthermore, the compounds of the present invention are believed to be 
useful in the treatment of neurological disorders such as dementias, especially dementia of 
the Alzheimer's type. The compounds of the present invention are also believed to be 
useful for the treatment of bipolar disorder. 

A further embodiment of the present invention is the use of inhibitors of GSK-3 for 
rapid bone deposition. This ability to stimulate rapid bone deposition provides a new 
means to treat a variety of disease states and conditions where it would be beneficial to 
grow new bone. These disease states include osteoporosis and fraility as well as bone loss 
due to periodontal disease. Compounds exhibiting this activity will also be useful in 
promoting wound healing and bone fracture repair. It is also contemplated that GSK-3 
inhibitor mediated bone deposition will improve patient outcomes in joint replacement 
surgeries by enhancing the attachment of a joint prosthesis to the patients bone. Hie use 
of the compounds of the present invention for the induction of rapid bone deposition is 
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preferreA It is also preferred that the mammal to be treated by the administration of the 
compounds of Formula I is human. 

The compounds of the present invention can be prepared by a variety of 
procedures, some of which are illustrated in the Schemes below. It will be recognized by 
5 one of skill in the art that the individual steps in the following schemes may be varied to 
provide the compounds of Formula L Hie particular order of steps required to produce 
the compounds of Formula I is dependent upon the particular compound being 
synthesized, the starting compound, and the relative lability of the substituted moieties. 
Some substituents have been eliminated in the following schemes for the sake of clarity 

1 0 and are not intended to limit the teaching of the schemes in any way. 

The compounds of Formula I are prepared from an appropriately substituted 
oxoacetic acid ester and an appropriately substituted acetamide as illustrated in Scheme I 
essentially as described by Faul, et al., J. Org. Chem. 63, 6053-6058 (1998), where the 
ring designated "A" corresponds to the annulated rings of Fbrmula I. 

15 Scheme I 




Hie oxoacetic acid esters of formula (i) or (iv) are reacted with an acetamide of 
formula (ii) or (iii), respectively, in a suitable solvent, such as tetrahydrofuran, in the 
presence of a suitable base, preferably potassium tert-butoxide. The condensation 
2 0 reaction is conducted at a temperature from about 0°C to about room temperature, and the 
reactants are stirred for 1-24 hours. The reaction mixture is treated with a suitable acid, 
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such as hydrochloric acid, after which the mixture is stirred at about ambient temperature 
for 1-24 hours. The resulting maleimide may be isolated by standard techniques, and 
purified by crystallization or chromatography as necessary or desired. 

Hie requisite oxoacetic acid esters of formulae (iv) are prepared from 
appropriately substituted Ar groups by methods well known to the skilled artisan as 
iUustrated in Scheme n, where X is bromo or iodo. 
Scheme II 




An appropriately substituted Ar is reacted with an oxalyl halide, such as oxalyl 
chloride, in the presence of an organic base, such as 2,6-lutidine or triethylamine, in an 
appropriate solvent, such as dichioromethane or diethyl ether, to give the corresponding 
Ar-oxalyl halide. The reaction is performed at from 0°C to reflux for from 1-24 houre. 
The mixture is cooled to about -78°C and an alkoxide source, such as sodium methoxide, 
is added in an appropriate solvent, such as methanol. Hie resulting oxoacetic acid ester 
may be isolated by standard techniques and purified by crystallization or chromatography 
as necessary or desired. Alternatively, a compound of Formula Ar-X is subjected to a 
lithium-halogen exchange, following which the lithium anion is quenched by an 
approprate dialkyl oxalate to provide the desired oxoacetic acid ester. Alternatively, the 
subject oxoacetic acid esters may be prepared by first reacting a compound of Formula 
Ar-X with magnesium and then quenching the resulting Grignard reagent with a dialkyl 
oxalate under standard conditions. 

The requisite acetamides of formula (ii) may be prepared from the corresponding 
oxoacetic acid ester of formula (iv) as illustrated in Scheme in. 
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Schcme III 
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The oxoacetic acid ester (iv) is reacted with ammonia or ammonium hydroxide in 
a suitable solvent, such as tetrahydrofuran or diethyl ether. The reaction is conducted at 
5 about 0°C for 1-12 hours, after which the reaction mixture is allowed to warm to about 
ambient temperature. The resulting ketoamide may be isolated by standard techniques 
and purified by crystallization or chromatography as necessary or desired. This ketoamide 
is then reduced by reaction with a metal catalyst, such as palladium, and sodium 
hypophosphite in a suitable solvent, such as tetrahydrofuran, dioxane, or 

1 0 dimethylformamide. The reaction is conducted under nitrogen at about reflux conditions 
for 1-12 hours. The resulting acetamide is isolated by standard techniques and may be 
purified by crystallization or chromatography as necessary or desired. 

Alternatively, the requisite acetamides may be prepared from an appropriate Ar-X 
by standard functional group transformations well known to the skilled artisan as 

1 5 illustrated in Scheme IV (see. Larock, Comprehensive Organic Transformations. 2 nd Ed., 
John Wiley & Sons, New York, pg. 1988-1989 (1999)). 
Scheme IV 



Hie compounds of formula Ar-X may be converted to die corresponding aldehyde 
20 by reaction with an appropriate alkyllithium under standard conditions, and the quenching 
with N^-dimethylformamide. This aldehyde is then converted to the corresponding 
acetonitrile via a phosphorylated cyanohydrin formed in situ by reaction with 



Ar-X 




o 



o 
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diethylcyano-phosphonate and lithium cyanide in a suitable solvent, such as 
tetrahydrofuran. For similar examples of this conversion see, Yoneda, et al., Tetrahedron 
Lett,, 30, 3681-3684 (1989); Yoneda, et al.. J. Org. Chem.. 56. 1827-1832 (1991). Base 
hydrolysis of the acetonitrile provides the desired acetamides (ii). Alternatively, Ar-X 
may be reacted with 2-ethoxy-2-oxoethylzinc bromide with a palladium catalyst in a 
suitable solvent, such as tetrahydrofuran, to provide the corresponding arylacetic acid 
ester. This ester may be reacted with ammonia directly in a sealed tube with a suitable 
solvent at elevated temperature to provide the requisite acetamide. Alternatively, the 
arylacetic acid ester is subjected to base hydrolysis to provide the corresponding aryl 
acetic acid, and this acid subjected to standard peptide coupling conditions in the presence 
of a source of ammonia, such as ammonium hydroxide or ammonia gas. Suitable 
coupling reagents include N,N'-carbonyldiimidazole (CDI), N^T- 
dicyclohexylcarbodiimide (DCC), l-(3-dimethylamino-propyl>3-ethylc»rbodiimide 
hydrochloride (EDC), and lK3-(l-pyrrohdinyl)propyl)-3^thylcarbodiimide (PEPC). 
Suitable optional catalysts for the coupling reaction include N,N-[dimethyl]-4- 
aminopyridine (DMAP). All of the reagents are combined in a suitable solvent, typically 
dichloromethane, chloroform, tetrahydrofuran, dioxane, or diethyl ether, and are stirred 
for from 1 to 72 hours at a temperature of from ambient to about the reflux temperature of 
the solvent. The desired product may be isolated by standard extractive and 
crystallization techniques, and purified by chromatography or crystallization as necessary 
or desired. 

Hie annulated-indole oxoacetic acid esters (i) and annulated-indole acetamides 
(iii) may be similarly prepared from the corresponding annulated-indoles of formula (v): 




v 



where the ring designated U A" corresponds to the annulated ring in Formula L 

The requisite aryl intermediates for the formation of formula (ii) or (iv) are either 
commercially available or may be prepared by methods well known to the skilled artisan. 
The requisite benzofurans, for example, may be prepared as described in Scheme V. 
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Scheme V 




.OH 





Appropriately substituted phenols are O-alkylated with bromoacetaldehyde 
dimethyl or diethyl acetal and a suitable base, such as potassium carbonate. Cyclization is 
5 accomplished in a suitable solvent, such as chlorobenzene at refluxing temperatures. 

Hie requisite indoles are either commercially available or may be prepared by 
methods well known in the art Indole syntheses are described in Robinson, The Fischer 
Indole Synthesis, Wiley, New York (1983); Hamel, et al, Journal of Organic Chemistry, 
59, 6372 (1994); and Russell, et at, Organic Preparations and Procedures International, 
10 17,391 (1985). 

The requisite annulated-indoles are prepared by a variety of methods depending 
upon the specific structure of the ring system. Synthetic methodologies leading to the 
various annulated-indoles are illustrated in the following schemes and discussed in the 
following paragraphs. The preparations and examples further illustrate these basic routes 
15 as well as modifications to these routes to prepare certain requisite substituted variants. 
Substituents have been removed from the structures in the following schemes for the sake 
of clarity, and are not intended to limit the scope of the invention in any way. 

5,6-dihvdn>^H-pvrrolor3.2,l-ii1auinolines 



o 




Q 





O^ 



O 




Q 



OH 



20 
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An appropriately substituted 1 ,2,3 ,4-tetrahydroquinoline is reacted with ethyl 
bromopyruvate in an appropriate solvent, such as dimethylformamide or tetrahydrofuran. 
The reaction mixture is stirred for 1-30 hours. Hie product from this reaction is isolated 
by standard techniques and is then reacted with an appropriate magnesium halide, 
typically magnesium chloride, and an appropriate alcohol such as methoxyethanol in an 
appropriate cosolvent, such as tetrahydrofuran or dimethylformamide. The skilled artisan 
will appreciate that the addition must be performed slowly and carefully, after which the 
resulting reaction mixture is stirred for 1-12 hours at about reflux. The resulting 
caiboxylic acid ester is isolated by standard techniques. This ester is then hydrolyzed and 
decarboxylated under standard conditions to provide compounds of formula (vi). 

6J-dihvdro~6H-ri,41diazepinor6>7.1-hilindoles 




(v») 



An appropriately substituted indole-7-cart>oxaldehyde in an appropriate solvent, 
such as 1 ,2-dichloroethane, is reacted with an appropriately substituted amino acid methyl 
ester and acetic acid. This reaction is conducted under nitrogen at about ambient 
temperature in the presence of a mild reducing agent, such as sodium cyanoborohydride or 
sodium triacetoxyborohydride. Hie reaction mixture is stirred for about 24 hours, and the 
resulting amino ester is isolated by standard techniques. Hie ester moiety is reduced to 
the corresponding alcohol by treatment with a suitable reducing agent, typically lithium 
aluminum hydride, in an appropriate solvent, typically tetrahydrofuran or diethyl ether. 
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The secondary amine moiety is now reacted with an appropriate reagent to introduce a 
suitable amino protecting group 'Tg", such as a formyl group, acetyl group, or preferably 
a tert-butoxycaibonyl moiety. Techniques for the introduction of these groups are well 
known to the skilled artisan. A solution of this compound in an appropriate solvent, such 
5 as dichloromethane or diethyl ether, is reacted with an appropriate reagent to activate the 
hydroxy moiety, providing a leaving group ("Lg")- The skilled artisan will appreciate that 
appropriate leaving groups include halides, oxonium ions, alkyl perchlorates, ammonio- 
alkanesulfonate esters, alkyl fluorosulfonates, nonaflates, tresylates, triflates, and sulfonic 
esters, preferably the mesylate or tosylate. Techniques for the introduction of these groups 

10 are well known to the skilled artisan. (See for example: March, "Advanced Organic 

Chemistry" John Wiley and Sons, New York, N.Y., 1992, pg. 352-362). The activated 
compound is then dissolved in an appropriate solvent, such as tetrahydrofuran, diethyl 
ether or N,N-dimethylformamide and is reacted with a strong base, such as potassium 
hydride or sodium hydride. The reaction is conducted under nitrogen at about 0°C and 

1 5 stirred for 30-120 minutes. The compound of formula (vii) is isolated and purified by 
standard techniques. Hie skilled artisan will appreciate that the nitrogen-protecting 
groups may be removed at any convenient point in the synthesis of the compounds of the 
present invention. Methods of removing an amino-protecting group are well known in the 
art (for example, see: T.W. Greene, "Protective Groups in Organic Synthesis," John 

2 0 Wiley and Sons, New York, N.Y., 1991, Chapter 7). 
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OH Lg 




(vfi«) 



An appropriately substituted indole-7-carboxaldehyde in an appropriate solvent, 
such as tetrahydrofuran or toluene, is reacted with a suitable methylenating reagent at 
about ambient temperature. Suitable methylenating reagents include Tebbe reagent Qi^ 
chloro-^-methylene[bis(cyclopentadienyl)titanium]dimeAylalumm and appropriate 
Wittig reagents, such as methyltriphenylphosphonium bromide, in the presence as a 
suitable base, such as potassium tert-butoxide. The reaction mixture is stirred for 1-6 
hours, after which the resultant vinylindole is isolated under standard techniques. This 
compound is then hydroborated and oxidized under standard conditions to provide the 
corresponding hydroxyethylindole. This alcohol is then activated as previously described, 
and reacted with ethanolamine or an appropriate amino acid ester. When aminoethanol is 
employed, the resulting alcohol is activated and the compound cyclized as previously 
described. When an amino acid ester is employed, the resulting ester is first reduced, and 
then activated and the compound cyclized as previously described to provide compounds 
of formula (xiii). The skilled artisan will appreciate that the nitrogen-protecting groups 
may be removed at any convenient point in the synthesis of the compounds of the present 
invention. 
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10 



Pvrrolor3.2.1-kl1benzorb1azacvclooctaDe 

ii 






An appropriately substituted 7-vinylindole is alkylated with an appropriate 
bromoalkene under standard conditions and the resulting diene is reacted with 
bis(tricyclohexyl-phosphine)benzylidine ruthenium (IV) dichloride (Grubb's catalyst) at 
room temperature in a suitable solvent, such as dichloromethane. After about 24 hours 
the cyclized alkene is isolated by standard techniques. Hie double bond may then be 
reduced under standard hydrogenation conditions to provide the compounds of formula 
(ix). 

ri .51diazapeihvdrooninor8.9. 1-hilindoles 




An appropriately substituted indole-7-carboxaldehyde is reductively animated with 
15 allylamine in the presence of a suitable acid, such as acetic acid, and an appropriate 

reducing agent, such as sodium cyanoborohydride or sodium triacetoxyborohydride in an 
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appropropriate solvent, such as 1,2-dichloroethane. The mixture is stirred at room 
temperature for about 24 hours and the resulting amine is isolated and purified by 
standard techniques. The amine is then protected as previously described and the indole 
nitrogen alkylated with allyl bromide under standard conditions. The diene is then 
cyclized as previously described to provide the cyclic alkene. The double bond may then 
be reduced under standard hydrogenation conditions to provide the compounds of formula 
(x). The double bond may also be oxidized to introduce the diol functionality. 

The skilled artisan will appreciate that the general synthetic schemes discussed in 
the preceding paragraphs may be modified by methods well known in the art to provide 
the remaining annulated indoles necessary to prepare the compounds of the present 
invention. 

Many of the compounds of the present invention are not only inhibitors of GSK-3, 
but are also useful intermediates for the preparation of additional compounds of the 
present invention. For example, secondary amines may be acylated, alkylated or coupled 
with carboxylic acids or amino acids under standard peptide coupling conditions. 
Furthennore, ester moieties may be reduced to the corresponding alcohols or converted to 
amides under standard conditions. Alcohols may be activated and displaced by a number 
of nucleophiles to provide other compounds of the invention. Such leaving groups 
include but are not limited to halides, oxonium ions, alkyl perchlorates, 
ammonioalkanesulfonate esters, alkyl fluorosulfonates, nonaflates, Mesylates, triflates, and 
sulfonic esters, preferably the mesylate or tosylate. Techniques for the introduction of 
these groups are also well known to the skilled artisan; see, for example, March, 
Advanced Organic Chemistry. 5 th Ed., John Wiley and Sons, New York, pg. 445-449 
(2001). 

The skilled artisan will also appreciate that not all of the substituents in the 
compounds of Formula I will tolerate certain reaction conditions employed to synthesize 
the compounds. These moieties may be introduced at a convenient point in the synthesis, 
or may be protected and then deprotected as necessary or desired. The skilled artisan will 
appreciate that the protecting groups may be removed at any convenient point in the 
synthesis of the compounds of the present invention. Methods for introducing and 
removing nitrogen and oxygen protecting groups are well known in the art; see, for 
example, Greene and Wuts, Protective Groups in Organic Synthesis. 3 ri Ed, John Wiley 
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and Sons, New York, Chapter 7 (1999). Furthermore, the skilled artisan will appreciate 
that in many circumstances, the order in which moieties are introduced is not critical. The 
particular order of steps required to produce the compounds of Formula I is dependent 
upon the particular compound being synthesized, the starting compound, and the relative 
5 lability of the substituted moieties. 

Preparation 1 
5-fluoro-l^,3,4-tetrahydroquinoline 

5-fluoroquinoline 

10 Add sodium nitrite in portions to a suspension of 5-aminoquinoIine (50 g, 347 

mmol) in 48% HBF 4 (200 mL) at 0°C. Stir for 1 hour and then pour into 1:1 diethyl 
ethei/ ethyl acetate (500 mL). Filter the resulting suspension and dry the solid. Add 
this solid (82.5 g, 338 mmol) in portions to refluxing xylene (1 L), stir for 2 hours, 
and then cool. Decant the xylene and dissolve the residue in IN hydrochloric acid 

15 (600 mL). Neutralize with sodium carbonate, extract with ethyl acetate (10 x 500 
mL), dry the extracts over sodium sulfate, filter and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with 10-20% 
diethyl ether in hexanes. Combine fractions containing product and concentrate them 
under reduced pressure to provide the desired compound (28,1 g, 55%). 

20 MS (EL, m/z) CyBfeFN (M+l) 148.0 

Reduction 

Shake a mixture of 5-fluoroquinoline (28.1 g) and 5% palladium on carbon 
(5.6 g) in methanol over night at 40°C under 60 psi hydrogen. Filter the mixture 
2 5 through Celite and concentrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with 5-10% ethyl acetate in hexanes. Combine fractions 
containing product and concentrate them under reduced pressure to provide the title 
compound (22.5 g, 78%). 
MS (EL, m/z) C9H10FN (M+l) 152.0 
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Preparation 2 
6-Huoro-l ,2,3,4-tetrahydroquinoline 
Beginning with 6-aminoquinoline, the title compound is prepared essentially as 
described in Preparation 1. 
5 MS (EL, m/z) C^oFN (M+l) 152.0. 

Preparation 3 
5^hloro-1^3»4-tetrahydroquinoline 
A mixture of 5-chloroquinoline (10.0 g) and platinum oxide (50 mg) in acetic acid 
10 was shaken under a hydrogen atmosphere at room temperature for 4 hours. The 

mixture was diluted with diethyl ether and filtered through Celite. The volatiles were 
removed under reduced pressure and the residue was partitioned between saturated 
aqueous sodium bicaibonate and ethyl acetate (3 x 300 mL). The organic extracts 
were dried over sodium sulfate, filtered and concentrated under reduced pressure. The 
1 5 residue was purified over silica gel and the fractions containing product were 

combined and concentrated under reduced pressure to provide 7.0 g (69%) of the 
desired compound. 



Preparation 4 




5,6-Dihydro-4H-pyrrolo[3,2,l-ij]quinoline 
S^^Dihvdro-lH-quinolin-l-vl^-oxopropionic acid ethvl ester 

Add bromoethyl pyruvate (40 mL, 0.29 mol) to a solution of 1,2,3,4- 
tetrahydroquinoline (75.5 mL, 0.59 mol) in tetrahydrofuran (300 mL) dropwise over 30 
2 5 minutes. Stir for 24 hours, filter the reaction mixture, rinse the filter cake well with 

tetrahydrofuran (100 mL), and concentrate the filtrate under reduced pressure to provide 
the desired compound as a red oil (79.7 g). 
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5.6-Dihv dro^H-p\Trolor3.2.1-ii1quiDoHne^l^aifeoxv1ic acid ethvl ester 

Add magnesium chloride (27.7 g, 0.29 mol) to 2-methoxyethanol (400 mL) and 
heat the mixture to reflux. Add a solution of 3-(3 ,4-Dihydro-2H-quinolin- 1 -yl)-2- 
oxopropion-ic acid ethyl ester (0.29 mol) in 2-methoxyethanol (100 mL) and 
tetrahydrofuran (40 mL) slowly to the MgCl 2 mixture over 1 hour. Upon completion of 
addition, stir the mixture for 5 hours at reflux, and then concentrate under reduced 
pressure. Treat the concentrated crude mixture with 2N hydrochloric acid (500 mL) and 
extract with dichloromethane (3 x 400 mL). Combine the organic layers, dry over sodium 
sulfate, filter, and concentrate under reduced pressure. Subject the residue to silica gel 
chromatography, eluting with 20% ethyl acetate/hexanes. Combine fractions containing 
product and concentrate diem under reduced pressure to provide the desired compound as 
an orange solid (31.6 g, 48%). 
MS (IS, mlz) Q4H15NO2 (M*+l) = 230. 

5,6-Dihvd ro^H-pvrrolor3J2a-ii1quinoline-l-carboxvlicacid 

Add 5 N aqueous sodium hydroxide (60 mL, 0.3 mol) to a solution of 5,6- 
Dihydro^H-pynxto^ acid ethyl ester (31 g, 0.14 mol) in 

ethanol (200 mL) and water (70 mL) and stir the resulting mixture at reflux for 3 hours. 
Cool the reaction mixture to 20-24°C, dilute with water (2 L), and wash sequentially with 
dichloromethane (2 x 200 mL) and diethyl ether (1 x 200 mL). filter the aqueous layer 
through Celite and treat the filtrate with concentrated hydrochloric acid (25 mL) to 
precipitate the product. Filter the solid, wash with water (200 mL), and dry under reduced 
pressure to give the desired compound as a light yellow solid (23.2 g, 85%). 
MS (IS, mlz) C 12 H U N02 (MVl) = 202. 

Decarboxylation 

Add copper chromite (1.5 g, 4.8 mmol) to a solution of 5,6-Dihydro-4H- 
pyrrolo[3,2,l-ij]quinoline-l-carboxylic acid (3.7 g, 18.4 mmol) in 20 mL of quinoline. 
Stir the resulting mixture at 185°C for 4 hours and then cool to 20-24°C, dilute with 
dichloromethane (100 mL), and filter through Celite. Wash the filtrate sequentially with 2 
N hydrochloric acid (2 x 50 mL) and 2 N aqueous sodium hydroxide (25 mL). 
Concentrate the remaining organic phase under reduced pressure and then subject the 
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residue to silica gel chromatography, eluting with 5% EtOAc/Hexanes. Combine 
fractions containing product and concentrate them under reduced pressure to provide the 
title compound as a light tan solid (1.67 g, 58%). 

1 H-NMR(4O0 MHz, DMSO^): 8 731-7.29 (d, 1 H, J = 7.8 Hz), 7.28-7.27 (d, 1 H, J = 
2.93 Hz), 6.9-6.86 (t, 1 H, J = 7.6 Hz), 6.82-6.8 (dd, 1 H, J = 6.8, 1.0 Hz), 6.33-6.32 (d, 1 
H, J = 2.93 Hz), 4.15-4.12 (t, 2 H, J = 5.6 Hz), 2.92^2.89 (t, 2 H, J = 6.1 Hz), 2.15-2.08 
(m,2H). 



The compounds of Preparations 5 - 8 are prepared essentially as described in 
Preparation 4. 



Prep. 


Compound 


Data (m/z) 


5 


7-fluon>-5,6-dihydro-4H-pyrrolo[3^,l-j]quinoline 


MS (EI): 176.1(M+1) 


6 


8-fluoro-5,6-dihydro-4H-pym)lo[3,2,l- 
j]quinoline 


MS(EI): 175.10VT) 


7 


7-chloro-5 ,6-dihydio-4H-pynT>I o [3 ,2, 1 - 
jjquinoline 


MS(EI): 192.1(M^ 


8 


8-chloro-5,6-dihydn>4H-pyirolo[3^,l- 
j]quinoline 


MS(IS): 191.90O 



Preparation 9 




9-methyl-6-(tert-butoxycar^^^ 
5-Methyl-l/?-indole-7-carboxaldehvde 

Dissolve 5-methyl-2-nitrobenzaldehyde (7.84 g, 47.52 mmol), 1-butanol (10.55 g, 
142.6 mmol) and 4-toluenesulfonic acid monohydrate (0.5 g, 2.6 mmol) in toluene (200 
mL). Heat the reaction mixture to reflux with constant water removal (Dean-Stark Trap). 
Continue to heat the reaction mixture for 3 hours. Add water and extract the aqueous 
layer with ethyl acetate. Combine the organic layers and dry over sodium sulfate, filter, 
concentrate under reduced pressure, and purify by flash chromatography (1% v/v 
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triethylamine buffered silica gel, 5% ethyl acetate/hexane) to give the dibutyl acetal 
derivative as a colorless oil (14 g, 99%). 

Dissolve 2-Dibutoxymethyl-4-methyl-l-nitrobenzene (13.957 g, 47.373 mmol) in 
anhydrous tetrahydrofuran (474 mL) under nitrogen, and cool the solution to -40 °C. Add 
vinylmagnesium bromide (190 mL, 190 mmol, 1.0 M in tetrahydrofuran) at -40 °C with 
stirring. Stir the reaction mixture for 40 minutes and add saturated aqueous ammonium 
chloride. Extract the aqueous layer with ethyl acetate. Combine the organic layers, dry 
over sodium sulfate, filter, and concentrate. Dissolve the residue in tetahydrofuran (160 
mL) and cool to 0 °C. Add aqueous 0.5 molar hydrochloric acid (20 mL) and stir the 
mixture at 0 °C for 1 hour. Add saturated aqueous sodium hydrogen carbonate (200 mL) 
and extract the aqueous layer with ethyl acetate (3 x 200 mL). Combine the organic 
layers, dry over anhydrous sodium sulfate, filter, concentrate under reduced jpressure and 
purify by flash column chromatography (silica gel, 5% ethyl acetate/hexane) to give the 
tide compound as a white solid. 

1 H-NMR(CDCl3): 5 10.10 (s, 1H), 10.06 (s, 1H), 7.72 (s, 1H), 7.40 (s, 1H), 7.28 (m, 1H), 
6.54 (m, 1H), 2.50 (s, 3H). 

N-f2-hvdrpxveth-l-vl1 (S-Methvl-lff-indol-7-vl>methvlaTriinft 

Dissolve 5-Methyl- lif-indole-7-carboxaldehyde (4.036 g, 25.384 mmol) in 
absolute methanol (200 mL), add 2-aminoethanol (3.1 g, 50.767 mmol) and 10% 
palladium on carbon (0.4 g). Stir the mixture for 1 hour under nitrogen, then under 1 
atmosphere of hydrogen for 3 hours. Filter, concentrate under reduced pressure, and 
purify by flash column chromatography (silica gel, 90/9/1, dichlorometh- 
ane/methanol/ammonia) to give the title compound as a colorless oil. 
MS (ES, m/zY = 203 (M-l) 

N-rtert-butoxvcaibonvll N-r2-hvdroxveth-l-vll (S-Methvl-lH-mdol^Y 1 ) 111 ^^ 8 " 11 ' 11 ^ 
Dissolve N-[2-hydroxyeth-l-yl] (5-Methyl-lif-indol-7-yl)methylamine (3.0 g, 
14.706 mmol) in tetrahydrofuran (120 mL) and cool the solution to 0 °C Add aqueous 
potassium carbonate (30 mL, 29.41 mmol, 0.98 M solution) and di-tert-butvl dicarbonate 
(3.53 g, 16. 18 mmol). Stir the reaction mixture for 4 hours at 0 °C, add water and extract 
the aqueous layer with ethyl acetate. Combine the organic layers, dry with anhydrous 



WO 03/076442 



PCT/US03/05050 



-27- 

sodium sulfate, filter, concentrate under reduced pressure and purify by flash column 
chromatography (silica gel, 20% ethyl acetate/hexane) to give the title compound as a 
white solid (4.12 g, 92%). 
MS(ES,m£):(M-l) = 303. 

N-rtert-butoxvcarfaonvll N-r2-(methanesulfonvloxv^eth-l-vn (5-Methvl-li/-indol-7- 
vDmethvlamine 

Dissolve N-[tot-butoxycarbonyl] N-[2-hydroxyeth-l -yl] (5-Methyl-lJf-indol-7- 
yl)methylamine (1.15 g, 3.78 mmol) in tetrahydrofuran (22 mL) under nitrogen and cool 
to 0°C. Add triethylamine (1.91 g, 18.88 mmol) and methanesulfonic anhydride (0.72 g, 
4.15 mmol). Stir the reaction mixture for 2 hours at 0 °C. Add water to the reaction 
mixture and extract the aqueous layer with ethyl acetate. Combine the oiganic layers, dry 
with anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give the 
desired compound as colorless oil. 

1 H-NMR(CDCl3): 5 9.93 (s, 1H), 7.40 (s, 1H), 7.19 (t, 1H), 6.86 (s, 1H), 6.45 (t, 1H), 
4.67 (s, 2H), 4.13 (t, 2H), 3.53 (t, 2H), 2.72 (s, 3H), 2.44 (s, 3H, CHaAr), 1.51 (s, 9H, 
3CH 3 ). 

Ring Closure 

Dissolve N-[tert-butoxycarbonyl] N-[2-(methanesulfonyloxy)eth-l-yl] (5-Methyl- 
l#-indol-7-yl)methylamine (1.22 g, 3.19 mmol) in anhydrous dimethylformamide (32 
mL) under nitrogen and cool to 0 °C. Add sodium hydride (0.15 g, 3.83 mmol, 60% in 
oil) and stir the reaction mixture for 1 hour at 0°C. Add water and extract the aqueous 
layer with ethyl acetate. Combine the organic layers, dry with anhydrous sodium sulfate, 
filter, concentrate under reduced pressure and purify by flash column chromatography 
(silica gel, 10% ethyl acetate/hexane) to give the title compound as white solid. *H- 
NMR(CDQ 3 ): 5 7.31 (m, 1H), 7.01 (m, 1H), 6.90 and 6.80 (2 singlets, 1H), 6.45 (d, 1H), 
4.85 and 4.78 (2 singlets, 2EQ, 4.22 (m, 2H), 3.93 (m, 2H), 2.43 and 2.41 (2 singlets, 3H, 
CHsAr), 1.45 and 1.44 (2 singlets, 9H, 3CH 3 ). 



WO 03/076442 



PCT/US03/05050 



-28- 



Preparation 10 




6-(tert-butoxycarbonyl)^ 

Beginning with indole-7-carboxaldehyde and DL-alanine methyl ester 
hydrochloride (0.72 g, 5.16 mmol), the title compound is prepared essentially as described 
in Preparation 9. 
MS (ES, m/z) (M + 1) = 287.0. 



6-(t^-butoxycarbonyl)^;7^ 
Beginning with indole-7-carboxaldehyde and ethanolamine, the title compound is 
prepared essentially as described in Preparation 9. 
MS (IS, m/z) C 16 H2oN 2 02 (M++1) = 273 

Preparation 12 
9-fluoro-6-(t^-butoxycaibonylH^ 
Beginning with 5-fluoroindole-7-caiboxaldehyde and ethanolamine, the title 
compound is prepared essentially as described in Preparation 9. 
MS: (ES, m/z) 291 (M+l). 



Preparation 11 
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Pieparation 13 

8-fluoro-6-(t^-butoxycarbonyl)^J-dihydro-6H-[l,4]diazep 
. Beginning with 6-fluoroindole-7-carboxaldehyde and ethanolamine, the title 
compound is prepared essentially as described in Preparation 9. 



6-(t^-butoxycarbonyl)-5,6,7,8-te^ 
7-vinvlindole 

Add potassium tert-butoxide (1 M in tetrahydrofuran, 14.1 mL, 14.1 mmol) to a 
solution of methyl triphenylphosphonium bromide (5.05 g, 14.1 mmol) in tetrahydrofuran 
(80 mL) and stir the reaction mixture for 45 minutes at room temperature. Add a solution 
of 7-formylindole (1.00 g, 6.89 mmol) in tetrahydrofuran (10 mL) and stirred for 1.5 
hours. Dilute the reaction mixture with ethyl acetate (250 mL), wash sequentially with an 
8: 1 mixture of water and 1 N hydrochloric acid (2 x 100 mL) and saturated aqueous 
sodium chloride (100 mL), dry over sodium sulfate, filter, and concentrate the filtrate 
under reduced pressure. Subject the residue silica gel chromatography. Combine 
fractions containing product and concentrate them under reduced pressure to provide the 
desired compound as a brown oil. 
MS (IS, m/z) C10H9N (M++1) = 144 

Hvdroboration/Oxidation 

Add 1 M borane-tetrahydrofuran complex in tetrahydto-fiiran (9.95 mL, 9.95 
mmol) to a 0 °C solution of 7-vinyl-indole (0.95 g, 6.6 mmol) in anhydrous 



Preparation 14 
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tetrahydrofuran (60 mL) and stir the reaction mixture overnight at room temperature. Add 
1 N sodium hydroxide (25 mL) and 30% hydrogen peroxide (35 mL) and stir the mixture 
at reflux for 1 hour. Cool the reaction mixture to room temperature, dilute with ethyl 
acetate (100 mL), wash sequentially with water (50 mL) and saturated aqueous sodium 
chloride (2 x 50 mL), dry over sodium sulfate, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography, eluting with 50% ethyl acetate in 
hexanes. Combine fractions containing product concentrate them under reduced pressure 
to provide the desired compound as a yellow oil (0.60 g, 56%). 

MS (IS, m/z) CioHnNO (M*+l)=162. 

Alcohol Activation 

Add a solution of methanesulfonyl chloride (0.29 mL, 3.68 mmol) in 
dichloromethane (5 mL) dropwise over 30 minutes to a solution of 7-(2-hydroxyeth-l- 
yl)indole (0.54 g, 3.34 mmol) and triethylamine (2.3 mL, 16.7 mmol) in dichloromethane 
(45 mL). Stir the mixture for an additional 2 hours at room temperature. Dilute the 
reaction mixture with dichloromethane (50 mL), wash sequentially with water (30 mL) 
and saturated aqueous sodium chloride (2 x 30 mL), dry over sodium sulfate, filter, and 
concentrate under reduced pressure. 

Nucleophilic Displacement 

Add ethanolamine (5 mL, 82 mmol) to a solution of 7-(2- 
(methanesulfonyloxy)eth-l-yl)indole (0.79 g, 3.3 mmol) in ethanol (50 mL) and stir the 
reaction mixture at reflux overnight Dilute with ethyl acetate (150 mL), wash 
sequentially with water (3 x 50 mL) and saturated aqueous sodium chloride (2 x 50 mL), 
dry over sodium sulfate, filter, and concentrate under reduced pressure to provide 7-(2-(N- 
[2-hydroxyeth-l-yl]amino)eth-l-yl)indole as a light-brown solid (0.57 g, 85%). 
MS as, m/z) C12H16N2O (MVl)=205 

Ring Formation 

Beginning with 7-(2-(N-[2-hydioxyeth-l-yl]amino)eth-l-yl)indole, the title 
compound is prepared essentially as described in Preparation 9. 
MS (IS, m/z) C17H22N2O2 (M*+l)=287 
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T-^-butoxycaibonyiyfl.eidiazaperhydrooninotS^a-hilindole 
Beginning with 7^2-(N-[3-hydroxyprop-l-yl]amino)eth-l-yl)iTido!e, the title 
compound is prepared essentially as described in Preparation 9. 
MS(ES): m/z = 301.2 (M*+l) 

Preparation 16 




io / 

6-(t^-butoxycarbcmyl)-[lJ]dia2apeihydix)onino[8^a-hi]indole 
Beginning with 7^3^-[2-hydroxyeth-l-yl]amino)prop-l.yl)indole, the title 
compound is prepared essentially as described in Preparation 9. 
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Preparation 17 




4,5,6,7-Tetrahydroazepino[3,2,l-hi]indole 
3,4-Dihvdro-2H-naphthalen-l-one oxime 
5 Add hydroxylamine hydrochloride (71.0 g, 1.03 mol) to a solution of ocrtetralone 

(100.0 g, 0.68 mol) in 300 mL of methanol and stir the resulting solution at reflux for 2 
hours. Cool the mixture to 20-24°C and concentrate under reduced pressure. Dilute the 
residue with 1 L of water and extract with dichloromethane. Wash the organic layer with 
saturated aqueous sodium chloride, dry over sodium sulfate, filter, and concentrate under 
1 0 reduced pressure. Crystallize the residue from isopropanol to provide the desired 
compound as an off-white solid (70.0 g, 63%). 
MS (FIA, m/z) CioH n NO (M*+l) = 162.4. 

L3.4.5-TetrahvdrobenzoMazepin-2-one 

1 5 Charge a 1L 3-neck round bottom flask equipped with a mechanical stirrer with 

neat polyphosphoric acid (100 g) and heat the acid heated to 125 °C while stirring under 
nitrogen. Add 3,4-Dihydro-2H-naphthalen-l-one oxime (15.0 g, 93 mmol) carefully to 
control exotherm, keeping the temperature below 175 °C. After 10 minutes of heating, 
cool the mixture 20-24°C and quenched with ice and water. Filter the aqueous suspension 

2 0 and wash the filter cake with water until the filtrate is neutral. Dry the filter cake under 
vacuum to provide the desired compound as an off-white solid (12.8 g, 85%). 
MS (ES, m/z) CioH n NO (M++1) = 161.9 

2.3.4.5-Tetrahvdro-lH-benzorblazepine 
2 5 Add 80 mL of lithium aluminum hydride (1 M solution in tetrahydrofuran) to a 

solution of 1,3,4 ^-tetrahydrobenzo-[b]azepin-2-one (12.9 g, 80.0 mmol) in 720 mL of 
tetrahydro-furan. Stir the reaction mixture at reflux for 3 hours and cool to 0 °C. Quench 
the reaction by the sequential addition of 3 mL of water, 3 mL of 15% sodium hydroxide, 
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and 9 mL of water. Filter the resulting suspension through Celite and rinse the filter cake 
with ethyl acetate. Concentrate the filtrate under reduced pressure to provide the desired 
compound as an orange solid (10.0 g, 85%). 
MS (FIA, m/z) doHisN (M++1) = 148.2. 

2-Oxo-3-f2.3.4.5-tetrahvdrobenzofb1azepin-l-vDpropionic acid ethvl ester 

Add 2,3,4,5-tetrahydn>-lH-benzo[b]azepine in small portions to a 0 °C suspension 
of 60% sodium hydride (3.0 g, 0.12 mol) in 300 mL of dimethylformamide. Upon 
complete addition of the amine, remove the ice bath and stir the reaction at 20-24°C for 
40 minutes. Add ethyl bromopyruvate (22.6 mL, 0.16 mol) and stir the resulting mixture 
at 20-24°C for 6 hours. Add an additional 5 mL of ethyl bromopy-ruvate and stir the 
mixture for 1 hour. Quench by adding 50 mL of water then dilute with 1.5 L of 
dichloromethane. Separate the layers, wash the organic layer sequentially with water (2 x 
500 mL) and saturated aqueous sodium chloride (500 mL), dry over sodium sulfate, filter, 
and concentrate under reduced pressure at 60 °C. Dissolve the residue in ethyl acetate 
(500 mL), wash sequentially with water (3 x 100 mL) and saturated aqueous sodium 
chloride, dry over sodium sulfate, filter, and concentrate under reduced pressure. Subject 
the residue to silica gel chromatography, eluting with 5-10% EtOAc/hexanes to provide 
the desired compound as an off white solid (7.0 g, 40%). 
MS (FID, m/z) C15H19NO3 (M+) = 261.13. 

4 < 5,6,7-TetrahvdroazeDinor3^.1-hilindole-l-carboxvlic acid ethvl ester 

Add magnesium chloride (2.55 g, 26.8 mmol) to 30 mL of 2-methoxyethanol and 
heat the mixture to reflux. Add a solution of 2-oxo-3-(23,4,5-tetrahydro-benzo[b]azepin- 
l-yl)propionic acid ethyl ester (7.0 g, 26.8 mmol) in 2-methoxyethanol (20 mL) over 1 
hour. Stir the resulting mixture for 6 hours at reflux, cool to 20-24°C, and concentrate 
under reduced pressure. Dilute the residue with 400 mL of dichloromethane and wash 
sequentially with 2 N hydrochloric acid (100 mL), saturated aqueous sodium bicarbonate 
(100 mL) and saturated aqueous sodium chloride (100 mL), dry over sodium sulfate, 
filter, and concentrate under reduced pressure. Subject the residue to silica gel 
chromatography, eluting with 20% ethyl acetate in hexane. Combine fractions containing 
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product and concentrate them under reduced pressure to provide the desired compound as 

a yellow oil (3.1 g, 48%). 

MS (HA, m/z) C15H17NO2 (MM) = 244.4. 

4,S,6,7-Tetrahvdroazepinor3>2.1-hi1indole-l^carboxvlic acid 

Add powdered sodium hydroxide (0.71 g, 17.8 mmol) to a solution of 4^,6,7- 
tetrahydroazepino[3,2,l-hi]indole-l-caiboxylic acid ethyl ester (2.0 g, 8.22 mmol) in 
ethanol (13 mL) and water (9 mL) and stir the resulting mixture at reflux for 4 hours. 
Cool the reaction mixture to room temperature, dilute with water (100 mL) and wash with 
dichloromethane (2 x 50 mL). Separate the layers, filter the aqueous layer through Celite 
and acidify the filtrate with concentrated hydrochloric acid Filter the suspension, wash 
the recovered solid with water, and dry under reduced pressure to provide the desired 
compound as a white solid (1.59 g, 90%). 
MS (HA, m/z) C 13 Hi3N0 2 (M*+l) = 216.3 

Decarboxylation 

Add copper chromite (0.55 g, 1.77 mmol) to a solution of 4,5,6,7- 
tetrahydroazepino[3,2,l-hi]indole-l-cari>oxylic acid (1.4 g, 6.5 mmol) in 7.5 mL of 
quinoline and stir the resulting mixture at 1 85°C for 4 hours. Cool the reaction mixture to 
room temperature, dilute with dichloromethane and filter through Celite. Wash the 
filtrate sequentially with 2 N hydrochloric acid (2 x 25 mL) and 2 N sodium hydroxide 
(25 mL). Concentrate the organic layer under reduced pressure and subject the residue to 
silica gel chromatography, eluting with 5% EtOAc/Hexane to provide the title compound 
as an orange solid (0.85 g, 76%). 
MS (EI, m/z) C12H13N (M*) = 171.4 
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Preparation 18 




PyixoloP^J-klJbenzoCbJazacyclooctane 

7-Vinvl-lH-indole 

Add tributyl(vinyl)tin (9.8 mL, 33.7 mmol), triphenyl-phosphine (0.4 g, 1.53 
mmol), diphenylpalladium(II) dichloride (1.07 g, 1.53 mmol) and lithium chloride (4.0 g, 
94.4 mmol) to 7~bromo-lH-indole (6.0 g, 30.6 mmol) in 150 mL of dimethylfonnamide 
and heat the resulting mixture at 100°C overnight Cool the reaction mixture to 20-24°C 
and poured into a mixture of 150 mL of water and 150 mL of ethyl acetate. Wash the 
aqueous layer with additional ethyl acetate (3 x 100 mL), combine the organic layers, 
wash with saturated aqueous sodium chloride, dry over magnesium sulfate, filter, and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 5-10% ethyl acetate in hexanes. Combine fractions containing product and 
concentrate them under reduced pressure to provide the desired compound as a clear oil 
(3.5 g, 80%). 

MS (HA, m/z) CioK>N (M++1) = 144.2 

l-fPent-4-en-l-vlV7-vinvMH-indole 

Add sodium hydride (60% dispersion in mineral oil) (3.5 g, 87.3 mmol) to a 0 °C 
solution of 7-vinylindole (5.0 g, 34.9 mmol) in 140 mL of dimethylfonnamide. Warm the 
resulting mixture to 20-24°C and stir an additional 30 minutes. Add 5-bromol-pentene 
(20 mL, 175 mmol) dropwise and stir for 3 hours. Pour the reaction mixture into a 
mixture of 150 mL of water and 150 mL of ethyl acetate. Wash the aqueous layer with 
ethyl acetate (3 x 100 mL). Combine the organic layers, wash with saturated aqueous 
sodium chloride, dry over sodium sulfate, filter, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography, eluting with 5-10% ethyl acetate in 
hexanes. Combine fractions containing product and concentrate them under reduced 
pressure to provide the desired compound as a clear oil (5.39 g, 73%). 
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MS (ES, m/z) C 15 H 17 N (M*+l) = 212 
Ring Closure 

Add 1.4 g of bis(tricyclohexylphosphine)benzylidine ruthenium (IV) dichloride 
5 (Grubb's catalyst) to a solution of l-(Pent^n-l-yl)-7-vinyl-lH-indo!e (4.4 g, 20.8 

mmol) in anhydrous dichloromethane (3.0 L) and stir the resulting mixture at 20-24°C for 
24 hours. Add an additional 1.0 g of Grubb's catalyst and stir for 4 hours. Concentrate 
the reaction mixture under reduced pressure and subject the residue to silica gel 
chromatography, eluting with 2-5% ethyl acetate in hexanes. Combine fractions 

10 containing product and concentrate them under reduced pressure to provide 8,9- 
dehydropyrrolo[3,2,l-kl]benzo[b]azacyclooctane as a brown oil (3.0 g, 79%). 
, H-NMR(400 MHz, DMSO-ck): 8 7.41-7.39 (dd, 1 H, J = 7.81, 0.98 Hz), 7.22-7.21 (d, 1 
H, J = 3.42 Hz), 6.94-6.9 (d, 1 H, J = 7.57 Hz), 6.81-6.8 (d, 1 H, J = 2.93 Hz), 6.79 (s, 1 
H), 6.36-6.35 (d, 1 H, J = 2.93 Hz), 5.69-5.62 (m, 1 H), 4.45^.3 (bs, 2 H), 2.19-2.14 (m, 

15 2 H), 1.75-1.55 (bs, 2 H). 

Reduction 

Hydrogenate a solution of 8,9-Dehydropyrrolo[3^,l-kl]benzo[b]azacyclooctane 
(0.66 g, 3.6 mmol) in ethanol (130 mL) in the presence of platinum oxide (100 mg) under 
2 0 balloon pressure for three hours. Filter the mixture through Celite, wash solid with 

dichloromethane, and concentrate the filtrate under reduced pressure to provide of the title 
compound as a light yellow oil (0.65 g, 97%). 
MS (ES, m/z) C13H15N (M++1) = 186 

25 
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Preparation 19 




8-(t^-butoxycarbonyl)-[l^ 
N-Allvl N-Ff lH-indn U7>vnmethvnamin ft 
5 Add allylamine (2.50 mL, 33.1 mmol), acetic acid (3.4 mL), and sodium 

triacetoxyborohydride (5.85 g, 27.6 mmol) to a solution of indole-7-carboxaldehyde (4.00 
g, 27.6 mmol) in 1,2-dichloroethane (120 mL) at 20-24°C and stir the resulting mixture at 
20-24°C for 5 hours. Add an additional 1.5 g (7.1 mmol) of sodium 
triacetoxyborohydride and stir the resulting mixture overnight Dilute the mixture with 

1 0 dichloromethane (300 mL), wash carefully with aqueous sodium bicaibonate (100 mL), 
and separate the layers. Wash the organic layer sequentially with water (100 mL) and 
saturated aqueous sodium chloride (100 mL), dry over sodium sulfate, filter, and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 10-30% ethyl acetate in hexanes. Combine fractions containing product and 

15 concentrate them under reduced pressure to provide the desired compound as a light 
yellow oil (4.21 g, 82%). 

N-rtert-butoxvcarbonvn N-allvl N-raH-indol-7-vl)methvnamine 

Add a 0°C solution of di-tert-biityl dicarbonate (4.93 g, 22.6 mmol) in anhydrous 

2 0 tetrahydrofuran (20 mL) to a 0°C solution of N-allyl N-[(lH-indol-7-yl)methyl]amine 
(4.21 g, 22.6 mmol) in anhydrous tetrahydrofuran (100 mL) and stir the mixture for two 
hours as it warms to 20-24°C. Dilute the reaction mixture ethyl acetate (500 mL). 
Separate the phases and wash the organic layer sequentially with water (2 x 150 mL) and 
saturated aqueous sodium chloride (100 mL), dry over sodium sulfate, filter, and 

2 5 concentrate under reduced pressure to provide the desired compound as a light yellow oil 
(6.5 g, 100%). 

MS (ES, m/z) C17H22N2O2 (MVl) = 287.2 
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N^tert-butoxvcarbonvll N-allvI N-rn-aUvl-lH-indoI-7-vnmethvnaminft 

Slowly add sodium hydride (60% dispersion in mineral oil, 1.75 g, 43.7 mmol) to 
a 0 °C solution of N-[tert-butoxycarbonyl] N-allyl N-[(lH-indol-7-yl)methyl]amine (6.6 
g, 23 mmol) in anhydrous dimethylformamide. Warm the mixture to 20-24°C, stir for 30 
minutes, add allyl bromide (4.0 mL, 46 mmol), and stir the mixture at 20-24°C overnight. 
Dilute the reaction mixture with ethyl acetate (450 mL), wash sequentially with water (2 x 
100 mL) and saturated aqueous sodium chloride (150 mL), dry over sodium sulfate, filter, 
and concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 10% ethyl acetate in hexanes. Combine fractions containing product and 
concentrate them under reduced pressure to provide the desired compound as a light 
brown oil (6.8 g, 91%). 
MS (ES, m/z) C20H26N2O2 (M++Na) = 349.2 

Ring Closure 

Beginning with N-[tert-butoxycarbonyl] N-allyl N-[(l-aUyl-lH-indol-7- 
yl)methyl]amine, the ring closure was performed essentially as described in Preparation 
17. 

MS (ES, m/z) C18H22N2O2 (M++Na) = 321.2 
Reduction 

Beginning with the alkene prepared in the previous paragraph, the double bond 
was reduced to provide the title compound essentially as described in Preparation 18. 
MS (ES, m/z) C18H25N2O2 (M*) = 301.2 

Preparation 20 
7-Bromofuro[3^-c]pyridine 
7-Bromo-5H-fiiror3,2^rovridin-4^ne 

Add N-bromosucdiiimide (63.16 g, 354.9 mmol) as a solution in anhydrous 
acetonitrile (480 mL) to a suspension of 5H-furo[3,2-c]pyridin-4-one (36.9 g, 273 mmol) 
in anhydrous acetonitrile (740 mL) at 0 °C over 1 hour. Warm to room temperature, add 
anhydrous methyl alcohol (1.5 L) and stir at room temperature for 18 hours. Quench with 
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water (20 ml) and saturated sodium bicarbonate (20 mL), concentrate to a volume of 1.3 
liters, and pour into water (1.3 L). Collection of the precipitate by filtration and drying 
(vacuum oven 2 days 40-60 °C) gives the title compound as an off-white solid. 
ESMS: (m/z) = 213.9, 215.9 (M++1). 

4J-Dibromofuror3 < 2-clpvridine 

Combine 7-bromo-5H-furo[3,2-c]pyridin-4-one (16.16 g, 75.5 mmol), 
dichloroethane (160 mL), and phosphorus oxybromide (100 g, 348.8 mmol) and heat at 
reflux for about 2 hours. Cool to room temperature and pour the reaction mixture into ice 
water (1 L). Adjust the pH to 8 with 5N NaOH, extract into dichloromethane, wash with 
brine, dry over magnesium sulfate, filter, and concentrate. Purification by flash 
chromatography, eluting with hexane:ethyl acetate gives the title compound as a white 
solid. 

HRMS: 274.8581 (M*). 
Reduction 

Combine 4,7-dibromofuro[3,2-c]pyridine (14.5 g, 52.3 mmol), anhydrous 
dimethylformamide (250 mL), sodium formate (10.67 g, 156.9 mmol), and 
tetrakis(triphenyl-phosphine)palladium(0) (3.021 g, 2.61 mmol) under nitrogen. Heat 
for 3 to 24 hours at 100 °C, cool to room temperature, filter through CEL2TE® and 
concentrate (high vacuum 0.7 mmHg, 40 °C). Dilute with ethyl acetate (500 mL), 
wash with water and brine, dry over magnesium sulfate, filter and concentrate. 
Purification by flash chromatography, eluting with hexane: ethyl acetate gives the title 
compound as a white solid. 
MS: (m/z) = 197.9, 199.9 (MVl). 

Preparation 21 
5-Bromoimidazo[l ,2-a]pyridine 
Add 2-bromo- 1 , 1 -diethoxyethane (3.64 g, 18.48 mmol) to a solution of 6- 
bromopyridin-2-ylamine (l.Og, 5.77 mmol) in n-butanol (40 ml). Reflux the reaction 
overnight, cool. Filtration of the reaction mixture gives 5-bromoimidazo[ 1 ,2-a]pyridine 
hydrobromide as a white solid. 
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ESMS: (m/z) = 198.9 (NT+1). 

Add saturated sodium bicarbonate (300 ml) to a suspension of 5- 
bromoimidazo [ 1 ,2-a]pyri dine hydrobromide (13.0g, 46.96 mmol) in ethyl acetate. 
Separate the organic layer and wash it with saturated sodium bicarbonate, dry over 
magnesium sulfate, and concentrated under reduced pressure to give the title compound as 
a white solid. 

Preparation 22 
5-Bromoisoquinoline 
Add a solution of sodium nitrite (9.6g, 139 mmol) in water (50 mL) cautiously to 
5-aminoisoquinoline (20 g, 139 mmol) in hydrobromic acid (48%, 100 mL) at 0°C. 
Transfer this mixture to a vessel containing CuBr (25g, 174 mmol) in hydrobromic acid 
(48%, 200 mL) at 75 °C After complete addition, stir the mixture at 75 °C for one hour, 
cool to room temperature and stir overnight. Place the mixture in an ice bath, add ice to 
the reaction mixture, and then add sodium hydroxide aqueous solution (20%, 250 mL). 
Filter the slurry and extract the filtrate with diethyl ether. Combine the solid and the 
extract sonicate for one hour in chloroform. Filter the suspension through a plug of 
Celite™, and concentrate the filtrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with chloroform. 
MS(ES): m/z = 208.0 (M+^rH-l), 210.0 (M+( 81 Br)+l) 

Preparation 23 

(5,6-Dmydro^H-pyrrolo[3^,l-ij]quinolin-l-yl)oxoacetic acid methyl ester 
Add oxalyl chloride (1.05 mL, 12.08 mmol) dropwise to a solution of 5,6-dihydro- 
4H-pynolo[3,2,l-ij]quinoline (1.67g, 10.6 mmol) in 150 mL of anhydrous diethyl ether at 
0°C and stir the resulting solution at 0°C for 40 minutes. Cool the mixture to -78°C and 
slowly add sodium methoxide (42 mL, 21 mmol, 0.5 M in methanol). Upon completion 
of the addition, remove the dry ice bath and allow the reaction to warm to 20-24°C over 2 
hours. Dilute the mixture with ethyl acetate (200 mL), wash with water (100 mL) and 
separate the layers. Wash the organic layer with saturated aqueous sodium chloride (50 
mL), dry over sodium sulfate, filter, and concentrate under reduced pressure. Dissolve the 
residue in ethyl acetate (100 mL), filter through a 2 inch plug of coarse silica gel, and 
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concentrate under reduced pressure to give the title compound as a yellow solid (2.16 g, 
84%). 

MS (EI, m/z) C14H13NO3 (M*-59) = 184. 

The compounds of Preparations 24 - 35 are prepared essentially as described in 



5 Preparation 22. 



Prep.# 


Compound 


Data 


24 


(4,5,6,7-tetrahydroazepino[3,2,l- 
hi]indol-l-yl)oxoacetic acid methyl 
ester 


MS (FIA, m/z) C15H15NO3 (M++1) = 
258.2 


25 


(6-(tert-butoxycarbonyl)-5,6-dihy- 
dro^if-[l,4]diaz»pino[6/7J-hi]in- 
dol-l-yl)oxoacetic acid methyl ester 


MS (B, m/z) C 16 H2oN 2 02 (M*+l) = 273 


26 


(Pyrrolo[3,2,l-kl]benzo[b]aza- 
cyclooct-l-yl)oxoacetic acid methyl 
ester 


I H-NMR(400 MHz, DMSO-d«): 5 
8.38(s, 1 H), 8.0S-8.03(d, 1 H, J = 7.81 
Hz), 7.18-7.15(L 1 H J = 7 57 Hz} 
7.03-7.01 (d, 1 H, J = 6.84 Hz), 4.65- 
4.62(t, 2 H, J = 6.1 Hz), 3.86(s, 3 H), 
3.3-3.15(bs,2H), 1.94-1.91(t 2H J = 
6.1 Hz), 1.82-1.79(t, 2 H, J = 5.86 Hz), 
1.3-1.15 Cbs,2H) 


27 


f 8-(tert-butoxvcarbonvlVri .51diaza- 
peihydroonino[8,9,l-hi]indol-l- 
yl)oxoacetic acid methyl ester 


MS (IS, m/z) C2iH2fiNjOs flMF+l) = 
387. 


28 


(6-(tert-butoxycarbonyl)-5,6,7,8- 
tetrahydro-eH-Il^diazocino^.S,!- 
hi]indol-l-yl)oxoacetic acid methyl 
ester 


MS (IS, m/z) C20H24N2O5 (M + +l)=373 


29 


(9^hloro-5,6-dihydro-4H- 
pyrrolo[3,2,l-ij]quinolin-l- 
yl)oxoacetic acid methyl ester 


MS (IS m/z) Ci4H 12 ClN03 (M+l) | 
278 


30 


(8^Woro-5,6-dihydro-4H-pyirolo- 
[3,2 t l-ij]-quinolin-l-yl)oxoacetic 
acid methyl ester 


MS (B, m/z) C14H12CINO3 (M+l) 
277.8 


31 


(7-Huoro-5,6-dihydro-4H- 
pynolo[3,2,l-ij]-quinolin-l- 
yl)oxoacetic acid methyl ester 


MS (EI, m/z) C 14 Hi2FN0 3 (M+l) 
262.1 


32 


(8-Fluoro-5,6-dihydn>4H- 
pynolo[3,2,l-ij]-quinolin-l- 
yl)oxoacetic acid methyl ester 


MS (EI, m/z) C14H12FNO3 (M+l) 262.1 


33 


(6-(tert-butoxycarbonyl)-5-methyl- 
6,7-dihydro-6H-[l ,4]diazepino- 
[6,7,l-hi]mdol-l-yI)oxoacetic acid 
methyl ester 


MS (ES, m/z) (M + 1) = 373.0 


34 


(9-methyl-6-(tert-butoxycarbonyl)- 
3,4-dihydro-6H-[l,41diazepino- 


ESMS: m/z = 373 (M+l) 
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[6,7,l-/iz]indol-l-yl)oxoacetic acid 
methyl ester 




35 


(9-fluon>-6-(tot.butoxycarbonyl)- 
3,4-dihydro-6H-[ 1 ,4]diazepino- 
[6,7,l-/u]indol-l-yl)oxoacetic acid 
methyl ester 


'H-NMRCCDds): 8 8.36(s, 1H), 8.02(d, 
1H), 6.92 and 6.84(2 d, 1H), 4.89 and 
4.80(2 s, 2H), 4.43(m, 2H), 3.98(m, 
2H), 3.94(s, 3H), 1.46 and 1.42(2 s, 9H) 


36 


R-6-(tert-butoxycarbonyl)-5- 

methyl-6,7-dihydro-6H- 

[1 ,4]diazepino-[6,7, l-hi]indoM- 

yl)oxoacetic acid methyl ester 


MS (ES, m/z) (M + 1) = 373.0 


37 


(8-fluoro6-(tot-butoxycarbonyl)- 
3,4-dihydro-6H-[l,4]diazepino- 
[6 f 7,l-Ai]indol-l-yI)oxoacetic acid 
methyl ester 


ESMS:m/z = 377(M+l) 



Preparation 38 
(Imidazo[l^-a]pyridin-5-yl)oxoacetic acid ethyl ester 
Add Mg turnings (0.25 g, 9.95 mmol) to a solution of 5-Bromoimidazo[l,2- 
a]pyridine (1.5 g, 7.65 mmol) in tetrahydrofuran (20 ml). Heat the reaction to 60°C and 
add bromoethane (1.2 ml, 11.1 mmol). Reflux for another 0.5 hours, cool and cannula 
dropwise into a solution of diethyl oxalate (5 ml) in tetrahydrofuran (5ml) at-15°C. Stir 
at -15°C for 0.5 hours and at room temperature for 0.5 hours. Quench the reaction by 
adding pH 7 buffer, extract into ethyl acetate, wash with saturated sodium chloride, dry 
over magnesium sulfate, and concentrate under reduced pressure. Purification by flash 
chromatography, eluting with ethyl acetate: hexane: methanol gradient gives the title 
compound as a light brown oil. 
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The compounds of Preparations 39 - 47 are prepared essentially as described in 



Preparation 38. 



Prep. 


Compound 


Data 


39 


Methyl (benzofur-7-yl)oxoacetate 


MSOES): m/z = 218.9 (M+l) 


40 


Ethyl (4-methoxybenzofur-7-yl)oxoacetate 


MS(ES): m/z = 248.9 (M+l) 


41 


Ethyl (5-methoxybenzofur-7-yl)oxoacetate 


MS(ES): m/z = 249.0 (M+l) 


42 

43 

44 
45 

46 
47 


Methyl (6-methoxybenzofur-7-yl)oxoacetate 

Ethyl (imidazo[l,2-a]pyridin-3-yl)oxoacetate 

Ethyl (5-fluorobenzofur-7-yl)oxoacetate 
Methyl (5-oxo-6-propyl-5,6-dihydro- 
[l,4]diazepino[6,7,l-hi]indol-7-yl)oxoacetate 

Ethyl 4-methyl-6-(tert-butoxycarbonyl)-5,6- 
dihydro[l,4]diazepino[6,7,l-hi]indol-3-yl)- 
oxoacetate 

Ethyl 4,4-dimethyl-6-(2,4-dimethoxybenzyl)- 
5,6-dihydro[l ,4]diazepino[6,7, l-hi]indol-3- 
yl)oxoacetate 


'H-NMR^O MHz, CDC1 3 ): 8 
1.41 (t, J = 7.31 Hz, 3H), 4.40 
(m, 2H), 6.74(d, J = 1.95 Hz, 
1H), 6.94(d, J = 8.78 Hz, 1H), 
7.68(d, J = 2.44 Hz, 1H), 7.78(d, 
J = 8.23 Hz, 1H) 
'H-NMR(400 MHz, DMSO-ds): 
S 8.3(m, 1H), 7.53(m, 1H), 7.46 
(s, 1H), 6.9(m, 1H), 6.42(m, 1H), 

7Hz,3H). 

ESMS: m/z = 237.0 (M+l) 
1 H-NMR(400 MHz, DMSO-d^): 
8 8.58(s, 1 H), 8.05(m, 1H), 7.24- 
7.2(m, 2H), 5.35(m, 2H), 4.8(m, 
2H), 3.8(s, 3H), 3.4 (m, 2H), 
1.45(m,2H),0.7(m,3H). 
ESMS: m/z = 237.0 (M+l) 

ESMS: m/z = 437.3 (M+l) 



Preparation 48 

5 (Lmidazo[l f 2-a]pyridin-3-yl)oxoacetic acid methyl ester 

Add oxalyl chloride (2.13g, 1.46 ml, 16.8 mmol) to a solution of imidazo[l,2- 
a]pyridine (1.0 g, 8.47 mmol) in toluene (75 ml). Heat the mixture at reflux for 15 hours. 
Cool the reaction and gently add methanol. Concentrate the resulting mixture under 
reduced pressure and partition between hot ethyl acetate and saturated aqueous sodium 
1 0 bicarbonate. Wash organic phase with saturated aqueous sodium chloride, dry over 

magnesium sulfate, and concentrate under reduced pressure. Triturate in ethyl acetate to 
give the title compound as an off-white solid (0.75 gm). 
ESMS: m/z = 204.9 (M*+l) 
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The compounds of Preparations 49-54 may be prepared essentially as described in 
Preparation 48. 



a rep. 


Compound 


Data 


49 


Methyl (8-bromo-6-methylimidazo[ 1 ,2-a]- 


MS(ES): m/z = 297.0 (M+l) 




pyridin-3-yl)oxoacetate 


50 


Methvl ( S fi-ffiTivHTYTnvrTrilrir'^ 9 1. 

ij]quinolin-6-on-l-yl)oxoacetate 
Methyl (6-methyM,5-dihydro-6H- 




51 


[1 ,4]diaze-pino[6,7, l-hi]indol-7-on- 1- 
yl)oxoacetate 

Methyl (7-methyl-4,5-dihydn>-7H- 




52 


[1 ,4]diaze-pino[6,7, l-hi]indol-6-on- 1- 
yl)oxoacetate 




53 


Methyl (e-^^dimethylamino^th-l-ylH^- 
dihydro-dH-tl^ldiazepinofeja-hilindol-?- 
on-l-yl)oxoacetate 




54 


Methyl (6-((2-(hydroxy)eth-l-yl)-4,5- 

dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-7- 

on-l-yl)oxoacetate 





Preparation 55 

(H3-(tert-Butyldimethylsilyloxy^ acid methyl ester 

Add tert-butyl lithium (88.1 ml, 149.8 mmol, 1.7 M in hexane) to a solution of 4- 
Bromo-l-[3-(t^-butyldin^ylsilyloxy)propyl]-lH-indole (22.0g, 59.92 mmol) in 
anhydrous tetrahydrofuran (100 ml) at -78°C. Stir the reaction at -78°C for 20 min. 
Transfer the mixture into a solution of dimethyl oxalate (24.8g, 209.72 mmol) in 
tetrahydrofuran (400ml) at -40°C via a dry-ice cooled cannula. Upon complete addition, 
stir the reaction at -78°C for 15 minutes and slowly warm to room temperature. Quench 
the reaction with saturated aqueous ammonium chloride and extract into ethyl acetate. 
Combine the organic layers, dry over magnesium sulfate, and concentrate under reduced 
pressure. Purification by flash chromatography, eluting with ethyl acetate: hexane 
gradient (100% hexane to 15 % ethyl acetate: hexane over 90 minutes) gives the title 
compound, as a light brown oil. 
ESMS: m/z = 376.2 (M*+l) 
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The compounds of Preparations 56 - 58 may be prepared essentially as described 
in Preparation 55. 



Prep. 


Product 


Data 


56 


Methyl (l-methyl-lH-indol-4-yl)oxoacetate 


HRMS: 218.0826(M+H) 


57 


Methyl (benzofur-7-yl)oxoacetate 


HRMS: 205.0501 (M+H) 


58 


Methyl (isoqirinolin-5-yl)oxoacetate 


MS(ES): m/z = 216.1 (M++1) 



Preparation 59 
l-[3-(^-butyldimethylsilyloxy)pro^ 
Add tert-butyl lithium (27.07 ml, 46.03 mmol, 1.7 M in pentane) to a solution of 
4-Bromo-l-[3-(tert-butyld^ ( 6 . 76 & 18<41 in 

anhydrous tetrahydrofuran (100 ml) at -78°C. Stir the reaction at -78°C for 30 min, 
quench with N,N-dimethylformamide (4.7 ml, 64.45 mmol), warm to 0°C, quench with 
pH = 7 buffer, and extract into ethyl acetate. Combine the organic layers, dry over 
magnesium sulfate, and concentrate under reduced pressure. Purification by flash 
chromatography, eluting with ethyl acetate: hexane gradient (100% hexane to 50 % ethyl 
acetate: hexane over 45 minutes) gives the title compound as a clear oil. 
ESMS: (m/z) = 318.2 (M*+l) 



The compounds of Preparations 60 - 63 may be prepared essentially as described 
in Preparation 59. 



Prep. 


Compound 


Data 


I 60 


l-Methyl-lH-indole-4-carboxaldehyde 


HRMS: 160.0760 (M+H) 


61 


5-Huorobenzofuran-7-carboxaldehyde 


'H NMR(400 MHz, DMSO-ds): 
510.25 <s, 1H), 8.25 (d, J = 2 Hz, 1H), 
7.87 (dd, J = 8, 3 Hz), 7.65 (J = 8, 3 
Hz),7.1(d,J = 2, 1H) 


62 


5,6-Difluorobenzofuran-7- 
caiboxaldehyde 


HRMS: 182.0179 (M*) 


63 


6-Huorobenzofuran-7-carboxaldehyde 


MS(ES): 165.0 (MT) 



Preparation 64 
Benzo[6]thiophene-7-carboxaldehyde 
Dissolve 7-bromothiophene (5.0 g, 23.5 mmol) in anhydrous tetrahydrofuran (15 
mL) under nitrogen and add magnesium metal turnings (712 mg, 29.3 mmol). Stir and 
warm the reaction to 50°C to initiate the Grignard reagent formation. After the 
exothermic reaction subsides, reflux for 30 minutes. Dilute the solution with 
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tetrahydrofuran (15 ml) and cool to 25°C. Add the Grignard reagent dropwise via cannula 
to a stirred solution of NJ^-dimethylformamide (10.2g, 139 mmol) in tetrahydrofuran (25 
mL) at -78°C under nitrogen. Stir the reaction at 0°C for 1 hour and quench with aqueous 
saturated ammonium chloride. Dilute with diethyl ether, wash with distilled water, and 
aqueous saturated sodium chloride. Dry the organic phase over anhydrous magnesium 
sulfate, filter, and concentrate under reduced pressure. Chromatograph on flash silica 
using a gradient from neat hexane to 50% ethyl acetate in hexane to obtain the title 
compound as an off-white solid 
HRMS: 162.0138 



The compounds of Preparations 65 - 71 may be prepared essentially as described 
in Preparation 64. 



Prep. 


Compound 


Data 


65 


4-Methoxybenzofuran-7-carboxaIdehyde 


I HNMR(400MHz,DMSO-d 6 ): 8 
10.1 (s, 1H), 8.06 (s, 1H), 7.85 (d, J 
= 9 Hz, 1H), 7.04(m, 2H, 4.0 (s, 2H) 


66 


4-Fluorobenzofuran-7-carboxaldehyde 


! H NMR (400 MHz, DMSO-d*): 8 
10.21 (s, 1H), 8.21 (d, J = 2 Hz, 1H), 
7.89 (dd, J = 8, 8 Hz, 1H), 7.28 (dd, J 
= 8,8 Hz, 1H), 7.2 (d, J = 2 Hz. 1H) 


67 


4,5-Difluorobenzofuran-7-carboxaldehyde 


HRMS: 182.0179 (M*) 


68 


Benzo[b]thiophene-7-carboxaldehyde 


HRMS: 162.0138 (M+) 


69 


Benzo[b]thiophene-4-carboxaldehyde 


HRMS: 162.0125 (M+) 


70 


5-<tetrahydropyran-2-yloxy)benzofuran-7- 
carboxaldehyde 


ESMS: (m/z) = 246.9 (M+l) 


71 


4-(tetrahydropyran-2-yloxy)benzofuran-7- 
carboxaldehyde 


ESMS: (m/z)= 163.0 (M+l) 



Preparation 72 
Benzo[6]thiophene-7-acetonitrile 
Add Benzo[6]thiophene-7-carboxaldehyde (2.34 g, 14.4 mmol) and lithium 
cyanide tetrahydrofuran complex (LiCN * 1.5 Tetrahydrofuran, 204 mg, 1.44 mmol) to 
tetrahydrofiiran (40 mL) under nitrogen. Add dropwise neat diethyl cyanophosphonate 
(2.8 mL, 18.4 mmol) to the stirring reaction mixture. Stir at room temp under nitrogen for 
60 hours. Add 2-methyI-2-propanol (1.4 mL, 14.6 mmol). Add the reaction mixture via 
cannula to a stirred 0.1 molar solution of samarium(IT) iodide in tetrahydrofuran (360 mT\ 
36.0 mmol) at 25°C under nitrogen. If the resulting reaction mixture is not deep blue add 
additional samarium(II) iodide solution until deep blue color persists. Stir the reaction at 
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25°C for 1 hour. Concentrate under reduced pressure, dilute with ethyl acetate, diethyl 
ether (1:1), wash with aqueous 0.1 M hydrochloric acid, and aqueous saturated sodium 
chloride. Dry the organic phase over anhydrous magnesium sulfate, filter, and 
concentrate under reduced pressure. Chromatograph on flash silica using a gradient from 
5 neat hexane to 25% ethyl acetate in hexane to obtain the title compound as an off-white 
solid. 

HRMS: 173.0289 (M 4 ) 



The compounds of Preparations 73 - 85 may be prepared essentially as described 
in Preparation 72. 



Prep. 


Compound 


Data 


73 


{ l-[3-(tert-butyIdimethylsilyloxy)- 
prop- 1 -yl] - 1 H-indol-4-yl } acetonitrile 


1 H-NMR(400 MHz, DMSO-d*): 8 7.43 (d, 
J = 8 Hz, 1H), 7.38(m, 1H), 7.14(m, 1H), 
7.0(d, J = 8 Hz, 1H), 6.54(m, 1H), 4.23(t, J 
= 7, 2H), 4.18(s, 3H), 3.5(t, J= 7 Hz, 2H), 
1.9 m, 2H), 0.85(s, 9H), 0.0(s, 6H) 


74 


( 1 -Methyl- 1 H-indol-4-yl)acetonitrile 


HRMS: 171.0939 (M+H) 


75 


(lH-Indol-7-yl)acetonitrile 


HRMS" 156 0687 flVT^ 


76 


(4-Methoxybenzofiir-7-yl)acetonitrile 


1 H-NMR(400 MHz, DMSO-dj): 8 7.99 (d, 
J = 2 Hz, 1H), 7.23 (d, J = 8 Hz, 1H), 6.98 
(d,J = 2Hz, lH)6.8(d,J = 8Hz, 1H), 
4.16 (s,2H), 3.88 (s,3H) 


77 


(5-Methoxybenzofur-7-yl)acetonitrile 


1 H-NMR(400 MHz, DMSO-ds): 8 8.02 (d, 
J = 2.2 Hz, 1H), 7.17(d, J = 2.2 Hz, 1H), 
6.9(m, 2H), 4.24 (s, 3H) 


78 


(4-Fluorobenzofur-7-yl)acetonitrile 


I HNMR(400 MHz, DMSO-de): 8 8.15 (d, 
J = 2.2 Hz, 1H), 7.33 (m, 1H), 7.17-7.1 
(m,2H), 4.26 (s,2H) 


79 


(4,5-Difluorobenzofur-7-yl)acetonitrile 


'H NMR(400 MHz, DMSO-ds): 8 8.2 (d, J 
<1 Hz, 1H), 7.42 (m, 1H), 7.22 (d, J < 1 
Hz, lH),4.28(s,2H) 


80 


(5-Fluorobenzofur-7-yl)acetonitrile 


'H NMR(400 MHz, DMSO-ds): 8 8.15 (d, 
J = 2 Hz, 1H), 7.47 (dd, J = 8, 2 Hz, 1H), 
7.18 (dd, J = 8, 2 Hz, 1H), 7.01 (d, J = 2 
Hz,lH),43(s,2H) 


81 


(5,6-Difluorobenzofur-7-yi)acetonitrile 


ESMS (M--1): 192.3 


82 


(6-Huorobenzofur^7-yl)acetonitrile 


1 H-NMR(400 MHz, CDd 3 ): 5 7.62 (d, J = 
2.44 Hz, 1H), 7.47 (m, 1H), 7.00 (m, 1H), 
6.72 (d, J = 2.44 Hz, 1H), 3.91 (s, 2H) 


83 


(Benzo[b]thien-7-yl)acetonitrile 


HRMS (M): 173.0289 


84 


0Benzofur-7-yl)acetonitrile 


HRMS (M): 157.0524 ! 


85 


[Benzo[b]thien-4-yl)acetonitrile 


HRMS (M): 173.0288 
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Preparation 86 
(Furo[3,2-c]pyridin-7-yl)acetonitrile 
Futor3 .2-c]pvridine-7-carbonitrile 
5 Combine 7-bromofuro[3,2-c]pyridine (4.673 g, 23.5 mmol), copper cyanide (4.21 

g, 47.1 mmol), copper iodide (8.96 g, 47.1 mmol), and anhydrous dimethylformamide 
(100 mL) and at 130 °C for 30 hours. Cool to room temperature, dilute with diethyl ether 
and wash with 15% aqueous ammonium hydroxide. Extract combined aqueous layers 
with diethyl ether, wash combined organic layers with 15% aqueous ammonium 
10 hydroxide, and brine, dry over magnesium sulfate, and concentrate. Purification using 
flash chromatography, eluting with hexane: ethyl acetate gives the title compound as a 
white solid. 

ESMS: (m/z) = 145.1 (MVl) 

15 Furor3,2-c1pvridine-7-carboxvlic acid 

Add fuit>[3^]pyridine-7K;arbonitrile (1.5 g, 10.4 mmol)and 28-30% aqueous 
ammonium hydroxide (50 mL) to high pressure reactor. Heating at 150 °C for 18 hours, 
cooling to room temperature and fireeze-drying gives the title compound as a white solid. 
ESMS: (m/z) = 164.0 (M++1). 

20 

fftaror3.2-c1pvridin-7-vl)methanol 

Add Borane (1.0 M in tetrahydrofiiran, 0.61 mL, 0.61 mmol) to a solution of 
furo[3,2-c]pyridine-7-carboxylic acid (O.lOOg, 0.61 mmol) in tetrahydrofuran (2 mL)and 
stir for 1 hour. Add additional borane (0.61 mL) stir for 30 minutes, add additonal borane 
2 5 (0.61 ml), quench with IN HC1 (10 mL)and stir for 15 minutes. Add aqueous ammonium 
hydroxide (28-30%, 3 mL), extract with diethyl ether, dry over magnesium sulfate, filter 
and concentrate to give the title compound as a white solid 
ESMS: (m/z) = 150.1 (M*+l) 



30 



Conversion of alcohol to nitrite 

Combine (furot3^-c]pyridin-7-yl)methanol (0.40 g, 2.68 mmol), IN HC1 (1.0 M 
in diethyl ether, 3 mL). Cool to 0 °C and add thionyl chloride (5 ml). Heat at reflux for 2 
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hours, cool to room temperature and concentrate to the white solid 7- 
(chloromethyl)fuxo[3,2Hc]pyddine hydrochloride. Dissolve in ethanol (4.4 mL) and water 
(1.7 mL) and introduce drop wise a refluxing solution of sodium cyanide (0.656 g, 13.4 
mmol) in ethanol (5.4 mL) and water (1ml) over 40 minutes. Heat for 40 minutes at 
reflux, cool to room temperature, dilute with water, and extract with ethyl acetate. 
Combine organic layers, wash with brine, dry over magnesium sulfate, filter and 
concentrate. Purification by flash chromatography, eluting with hexanerethyl acetate 
gives the title compound. 
ESMS: (m/z) = 159.0 (M++1) 

Preparation 87 

(2,3-Dihydrobenzo[l,4]dioxin-5-yl)acetonitrile 
(2.3-Dihvdr obenzon.41dioxin-5-vnmethano1 

Dissolve 2,3-DihydroxybenzaIdehyde (25 g, 181 mmol) and l,2^dibromoethane 
(34 g, 181 mmol) in N,N-dimethylformamide (500 mL). Add cesium carbonate (1 18 g, 
362 mmol), stir and reflux under nitrogen for 2 hours. Cool the reaction to 20°C, dilute 
with absolute ethanol (250 mL) and add sodium borohydride (6.8 g, 181 mmol). Stir at 
20°C for 1 hour and concentrate under high vacuum to remove the ethanol and 
dimethylformamide. Dilute the residue with diethyl ether and wash with distilled water, 
0.25 molar aqueous sodium hydroxide, and aqueous saturated sodium chloride. Dry the 
organic phase over anhydrous magnesium sulfate, filter and concentrate under reduced 
pressure. Chromatograph on flash silica using a gradient ficom 75% hexane, 25% ethyl 
acetate to 25% hexane, 75% ethyl acetate to obtain the tide compound as a white solid. 
HRMS: 166.0621 (M) 

Halogenation/Displacement 

Beginning with (2,3-dihydrobenzo[l,4]dioxin-5-yl)methanol (1.8 g, 10.8 mmol), 
the title compound is prepared essentially as described in Preparation 75. 
HRMS: 175.0624 (M*) 
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Preparation 88 
(5-hydroxybenzofur-7-yl)acetoiiitrile 
7-bix)mo-5-ftetfahvdropvran-2-vIoxv^benzx>furan 

Combine 7-bromo-5-hydroxybenzofuran (5.0 g, 0.0235 mol) with pyridinium 
Eara-toluenesulfonate (0.59 g, 0.1 equivalent) and dissolve in 60 mL dichloromethane 
under nitrogen. Add via syringe 3,4-dihydro-2H-pyran (3.2 mL, 1.5 equivalents) and stir 
at 20° C overnight Dilute with dichloromethane then extract with IN sodium hydroxide 
and wash with brine. Diy over sodium sulfate, filtered, and then concentrate to afford the 
title compound as a brown oil. 

*H NMR(400 MHz, CDC1 3 ): 5 1.70(m, 6H), 3.57(m, 1H), 3.86(m, 1H), 5.31(t, J = 3.17 
Hz, 1H), 6.69(d, J = 2.20 Hz, 1H), 7.19(m, 2H), 7.58(d, J = 2.20 Hz, 1H). 

r5-(teti^vdropvran-2-vloxv)te^ 

Combine 5-(teti^ydropyran-2-yloxy)benzofuran-7-carboxaldehyde (3.75 g, 0.015 
mol) with lithium cyanide-tetrahydrofuran (1:1.5 complex, 0.215 g, 0.1 equivalent) in 
tetrahydrofuran (80 mL) under nitrogen. Add diethyl cyanophosphonate (3.0 mL, 1.3 
equivalents) and stir at 20° C for 2 days. Add tert-butanol (1.6 mL, 1.1 equivalents) then 
Sml 2 in tetrahydrofuran (0.1 M solution, approximately 400 mL). Concentrate the 
solution in vacuo then redissolve in a solution of ethyl acetaterdiethyl ether 
(approximately 3:1, 100 mL). Add saturated aqueous ammonium chloride and stir for 20 
min, until the release of hydrogen cyanide is complete. Filter to remove insoluble 
material, then extract against 1 N hydrochloric acid. Dry over sodium sulfate, then filter 
and concentrate. Purification by a plug column (4:1 hexanesrethyl acetate) to provide the 
tide compound as a light yellow oil. 

1 HNMR(400 MHz, CDC1 3 ): 8 1.70(m, 6H), 3.54(m, 1H), 3.88(m, 1H), 3.91(s, 2H), 
5.34(t, J = 3.17 Hz, 1H), 6.67(d, J = 2.20 Hz, 1H), 7.01(d, J = 1.95 Hz, 1H), 7.20(d, J = 
2.44 Hz, 1H), 7.55(d, J = 2.20 Hz, 1H). 

Deprotection 

Dissolve [5-(tetrahydropyran-2-yloxy)benzofur-7-yl]-acetonitrile (3.89 g, 0.015 
mol) in methanol (100 mL) and add para-toluenesulfonic acid monohydrate (0^88 g, 0.1 
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equivalent). After 20 minutes extract with ethyl acetate against water, then wash with 
brine. Concentration in vacuo affords the title compound as an off-white solid. 
HRMS: Calculated: 173.0465. Found: 173.0477. 

5 Preparation 89 

(4-Hydroxybenzofur-7-yl)acetonitrile 
Beginning with 4-<Tetrahydropyi^-2-yloxy)benzofuran-7-carboxaldehyde, the 
title compound is prepared essentially as described in Preparation 87. 
ESMS: m/z = 172.0 (M-l) 
1 0 Benzo[6]thiophene-7-acetamide 

Add benzo[*]thiophene-7-acetonitrile (1.9 g, 11.0 mmol) to 2-methyl-2-propanoI 
(20 mL). Heat to reflux under nitrogen and add potassium hydroxide pellets (7.4 g, 132 
mmol). Stir and reflux under nitrogen for 30 minutes. Pour solution off of the excess 
potassium hydroxide and dilute with ethyl acetate. Wash with a 1:1 mixture of aqueous 
15 saturated sodium chloride, aqueous saturated sodium hydrogen carbonate. Dry the 

organic phase over anhydrous magnesium sulfate, filter, and concentrate under reduced 
pressure. Rinse the solid with cold diethyl ether and dry under vacuum to obtain the title 
compound as an off-white solid. 
HRMS: 192.0483 (MT+H) 
2 0 The compounds of Preparations 91 - 106 may be prepared essentially as described 

in Preparation 90. 



Prep. 


Product 


Data 


91 


2-(l-Methyl-lH-indol-4-yl)acetamide 


HRMS: 189.1028 (M+H) 


92 


2-(lH-lhdol-7-yl)acetanjide 


'H-NMR(400 MHz, DMSO-de) 8 
10.9 (bs, 1H), 7.44-7.37(m, 2H), 
7.32(dd, J = 2, <1), 6.98-6.91 (m 3H), 
6.41(m, 1H), 3.62 (s, 2H) 


93 


2-(4-Methoxybenzofur-7-yl)acetamide 


MS(ES): 206.0 (M++1) 


94 


2-(5-Methoxybenzo-fur-7-yl)acetamide 


1 H-NMR(400 MHz, DMSO-de) 8 
7.91 (d, J = 2 Hz, 1H), 7.5 (bs, 1H), 
7.1 (d, J = 2 Hz, 1H), 6.96 (bs, 1H), 
6.85 (d, J m 2 HZ, 1H) 6.8 (d, J = 2 
Hz, 1H), 3.74 (s, 3H), 3.61 (s, 2H) 


95 


2-<4-Fluorobenzofur-7-3d)acetamide 


HRMS: 194.0617 (M*+l) 
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96 


2-(4 f 5-Difluoro-benzofiir-7-yl)acetamide 


! H-NMR(400 MHz DMSO-d/l R 1 
(d, J = 2 Hz, 1H), 7.55 (bs, 1H), 7.27 
(m, 211), 7.14(d, J = 2 Hz, 1H), 7.01 
(bs, 1H), 3.65 (s, 2H) 


97 


2-(5-Ruoiobenzofur-7-yl)acetamide 


MSQ3S): 194.1 (M*+l) 


QR 


z-p ,o-Uiuuoroben2o-nir-7-y])acetamide 


1 H-NMR(400 MHz, DMSO-de) 5 
8.08 (d, J = 2.2, 1H), 7.63 (bs, 1H), 
/ .sy (aa, J = 8, 8 Hz, 2H), 7.09 (bs, 
1H), 6.9 (d, J = 22, Hz, d), 3.75 (s, 

DJCx) 


99 


2-(6-Fluorobenzofur-7-yl)acetamide 


MS(ES): m/z = 194.0 (M*+l) 


100 


2-(Benzo[b]thien-7-yl)acetamide 


HRMS: 192.0483 (M*+H) 


101 


2-(Benzofur-7-yl)acetamide 


HRMS: 176.0717 (M++H) 


102 


2-(Benzo[b]thien-4-yl)acetamide 


HRMS: 192.0490 flvT+H) 


103 


2-(Furo[3 ,2-c]pyridin-7-yl)acetamide 


MS(ES): m/z = 177.1 (M*+l) 


104 


2-(2,3-Dihydrobenzo[l,4]dioxin-5-yl)- 
acetamide 


HRMS: 194.0810 (M+H) 


105 


2-{4-[3-(tat-Butyldimethyl-silyloxy). 
pnopoxylbenzofur-7-yl } acetamide 


MS(ES): m/z = 364.2 (M*+l) 


106 


2-(l , 3 -dihydroi s obenzofur-5 - 
yl)acetamide 


MS(ES): m/z = 178.1 (M*+l) 



Preparation 107 

(5,6-Dihydn>-4ff-pynolo[3,24-y]quinolm 
(5,6-Dihydro^#-pviTO ^^^ 

Add concentrated ammonium hydroxide (2 mL) to a solution of (5,6-Dihydro-4ir- 
pyirolo[3,2a-ylquinolin-l-yl)oxoacetic acid methyl ester (0.50 g, 2.06 mmol) in 10 mL 
of tetrahydrofuran at 0°C Remove the cooling bath and stir the mixture for 3 hours. 
Dilute the reaction with 20 mL of water and filter the suspension. Wash the filter cake 
with 10 mL of water followed by 10 mL of diethyl ether, and dry under reduced pressure 
to provide the desired compound as a light yellow solid (0.403 g, 86%). 
MS (IS, m/z) Ci3H 12 N202 (M++1) = 229 

Reduction 

Add 10% palladium on carbon (0.060 g) followed by the careful addition of 
NaH2PQ2*H 2 0 (0.60 g, 5.67 mmol) to a solution of (5,6-dihydnMB.pyrrolo[3 ^,1- 
i>]quinolin-l-yl)oxoacetamide (0.30 g, 1.31 mmol) in dioxane (6 mL) and water (2 mL) 
and reflux the reaction under nitrogen. After 3 hours add 0.60 g of NaH^POfEkO and 
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reflux for 6 hours. Cool the mixture, filter through Celite, and wash with ethyl acetate 
(100 mL). Concentrate the filtrate under reduced pressure and treat the residue with water 
(20 mL). Filter the resulting suspension and dry the recovered solid dried under reduced 
pressure to provide the title compound as a white solid (0.27 g, 96%). 
MS (K, m/z) Ci3H I4 N 2 0i (M*+l) = 215 

Preparation 108 

2-(^(t^-butoxycarbonyl)^/7-^ 

Beginning with (2-(6-(tert-butoxycaibonyl)-6 ,7-dihydro-6H-[l,4]diazepino[6 s 7,l- 
hi]indol-l-yl)oxoacetic acid methyl ester (5.0g, 13.95 mmol), the title compound is 
prepared essentially as described in Preparation 107. 
MS (ES, m/z): CjgBbNaCb: 330.3 (M*+l), 328.4 (M+-1) 

Preparation 109 
2-(Benzofiir-4-yl)acetamide 
Add l,r-carbonyldiimidazole (2.3 g, 14.2 mmol) to a solution of 2-(benzofur-4- 
y])acetic acid (2.5g, 14.2 mmol) in anhydrous tetrahydrofuran (12 mL) under nitrogen and 
stir at 20°C for 4 hours. Bubble anhydrous ammonia through the solution, dilute with 
anhydrous tetrahydrofuran (10 mL) and stir at 20°C for 18 hours. Concentrate under 
reduced pressure, wash the solid with aqueous sodium hydrogen sulfate, distilled water, 
and dry under vacuum to obtain the title compound as a pale yellow solid. 
ESMS: m/z = 176.1 (M*+l) 

Preparation 109 
2-(Imidazo[l^-a]pyridin-3-yl)acetamide 
Add ethyl (E>oxybutenoate (14.3g, 111.66 mmol) to 2-aminopyridine (10.0 g, 
106.4 mmol) in acetonitrile (270 ml). Heat the reaction at 80°C for 6 hours. Concentrate 
the reaction mixture under reduced pressure. Purify the resulting oil by flash 
chromatography, eluting with a gradient of 100% hexane to 95% ethyl acetate: methanol 
to provide imidazo[l,2-a]pyridin-3-yl.acetic acid ethyl ester (10.95g, 50.0%) as a brown 
solid 

1 H-NMR(400 MHz, DMSO-d6): 5 83 (m, 1H), 7.53 (m, 1H), 7.46 (s, 1H), 6.9 (m, 1H), 
6.42 (m, 1H), 4.1 (q, J = 7Hz, 2H), 1.15 (t, J = 7Hz, 3H) 
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Bubble ammonia through a solution of (imidazo[l,2-a]pyridin-3-yl)acetic acid 
ethyl ester (10.0 g, 48.96 mmol) in methanol (30 ml) at 0°C. Heat the reaction mixture in 
a sealed tube at 100°C for 2 hours. Concentrate the reaction mixture under reduced 
pressure. Triturate with ethyl acetate to give the title compound as a white solid. 
5 ESMS: m/z = 176.1 (M++1) 

The compounds of Preparations 1 1 1-1 14 may be prepared essentially as described 



in Preparation 110. 



Prep. 


Product 


Data 


Ill 


2-(8-fluoroimidazo[l ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 206.0 (M++1) 


112 


2<8<benzyloxy)imidazo[l£-a]pyridin-3- 
yl)acetamide 


HRMS: m/z = 282.1232 


113 


2-(7-chloroimidazo[l ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 210.0 (M*+l) 


114 


2-(8-methoxyimidzo[ 1 ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 206.0 (M++1) 



10 Preparation 115 

2^Imidazo[2 t l-b]thiazol-3-yl)acetamide 
Beginning with methyl 2-(imidazo[2,l-b]thiazol-3-yl)acetate, the title compound 
may be prepared essentially as described in Preparation 1 10. 
HRMS: m/z = 373.1756 (M*+l) 

15 

Preparation 116 
2-(Thiazolo[3,2-b] [1 ^Itriazol^yOacetamide 
Methyl S-oxo^-rfri^^ltriazol^ynsulfanynbutyrate 

Add dropwise potassium tert-butoxide (1 1.4 g, 101.8 mmol) in 30 ml N,N- 
2 0 dimethylfonnamide (30 ml) to a solution of [l,2,4]triazole-3-thiol (10.3 gm, 101.8 mmol) 
in N,N-dimethylfonnamide (50 ml). Add dropwise methyl 4-chloroacetoacetate (153 
gm, 101.8 mmol) in N^-dimethylformamide (15 ml) and stir for 3 hours. Concentrate 
under reduced pressure, dilute with ethyl acetate (500 ml), filter, and concentrate under 
reduced pressure. Subject the residue to silica gel chromatography to provide the desired 
2 5 compound (18.3 gm, 83%) as a yellow oil. 
HRMS: m/z = 216.0443 (M++1) 
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Ring formation/amide formation 

Heat a mixture of methyl 3^xo^(([U,4]triazol-3-yl)sulfanyl)butyrate (16.4 g, 
76.2 mmol) and 85% polyphosphoric acid (140 g) at 120°C for 30 minutes. Pour into a 
stirring mixture of distilled water (1.4 L) and ethyl acetate (600 ml). Separate the layers. 
Wash the organic phase with saturated aqueous sodium bicarbonate followed by saturated 
aqueous sodium chloride, dry over magnesium sulfate, and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography to provide a yellow oil. 
Dissolve the oil in 7 M ammonia in methanol. After 72 hours cool the mixture to -10°C. 
Filter the resulting suspension. Wash the solid with diethyl ether containing 20% 
methanol then dry under reduced pressure to provide 1.25 g of the desired compound as a 
white solid. 

HRMS: m/z = 183.0351 fl^+l) 

Beginning with methyl 2-(imidazo[2,l-b]thiazol-3-yl)acetate, the title compound 
prepared essentially as described in Preparation 1 10. 
HRMS: m/z = 373.1756 (M++1) 

Preparation 117 
5^xo-6-propyl-5,6-dihydr^ 
f!H-Indol-7-Y lnnet hvl)proDvlamine 

Add propyl amine (3.66 g, 62.07 mmol) to a solution of indole-7-carboxaldehyde 
(3.0 g, 20.68 mmol) and acetic acid (2.65 ml, 41.3 mmol) in toluene (100 ml). Heat at 
reflux constantly removing water with a Dean Stark apparatus. Concentrate the reaction 
under reduced pressure and re-dissolve in methanol. Gently add sodium borohydride 
(0.39 g, 10.34 mmol). Stir for 1 hour at room temperature, concentrate, and partition 
between ethyl acetate and saturated aqueous sodium bicarbonate. Concentrate the organic 
layers under reduced pressure. Compound carried onto next step without purification. 
! HNMR (400 MHz, CDC1 3 ) 6 10.9 (bs, 1 H), 7,4 (d, / = 8 Hz, 1H), 7.28 (d, J = 1.5 Hz, 
1H), 7.0(d, /= 7 Hz, 1H), 6.1 (dd, /= 8.06, <1 Hz, 1H), 6.4(d, /= 1.5 Hz, 1H), 3.95 (s, 1 
H), 2.5 (t, H = 7 Hz, 2 H), 1.45 (m, 2 H), 0.8(t, /= 7 Hz, 3H). 
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Ring Formation 

Add chloroacetyl chloride (1.7 ml, 21.71 mmol) and diisopropylethylamine (10.38 
ml, 62.04 mmol) to a solution of (lH-Indol-7-ylmethyl)propylamine (3.89 g, 20.68 mmol) 
in methylene chloride. Stir for 2 hours, quench with saturated aqueous ammonium 
chloride and extract into ethyl acetate. Wash the organic layers with saturated aqueous 
sodium chloride, dry over magnesium sulfate, filter, and concentrate under reduced 
pressure to yield N-(lH-indol-7-yl)methyl N-propyl 2-chloroacetamide (5.47 gm, 20.68 
mMol). 

Add 5.47 gm (20.68 mMol) N-(lH-indol-7-yl)methyl N-propyl 2-chloroacetamide 
to a suspension of sodium hydride (10 gm, 60% dispersion in mineral oil) in 350 mL 
dimethylformamide and stir the reaction at room temperature. Once starting material is 
consumed concentrate the reaction mixture under reduced pressure. Dissolve the residue 
in ethyl acetate, wash sequentially with water and saturated aqueous sodium bicarbonate. 
Subject to silica gel chromatography to provide the title compound (3.15 gm, 69%). 
ESMS: 229.1 (M*+l). 

Preparation 118 
4-Bromo-l-[2-(^-butyldimethylsilyloxy)eth-l-yl]-lH-indole 
Add sodium hydride (4.89g, 122.4 mmol, 60% dispersion in mineral oil) to a 
solution of 4-Bromo-lH-indole (12g, 61.2 mmol) in dimethylformamide (100 ml). Cool 
the reaction to 0°C and add (2-bromo- 1 -(tert-butyldimethylsilyloxy)ethane (17.04 g, 67.32 
mmol). Stir the reaction for 1 hour at room temperature, quench with aqueous saturated 
sodium bicarbonate, and extract into ethyl acetate. Combine the organic layers and wash 
with saturated aqueous sodium chloride, dry over magnesium sulfate. Concentrate under 
reduced pressure to obtain the title compound, as a clear oil. 

1 H-NMR(400 MHz, DMSO-dfi): 5 7.48 (d, J = 8, 1H), 7.4(d, J = 3Hz, 1H), 7.22(d, J = 8 
Hz, 1H), 7.05 (dd, J = 8, 1Hz, 1H), 6.4 (d, J= 3Hz, 1H), 4.25 (t, J = 7 Hz, 2H), 3.49(t, J = 
7 Hz, 2H), 1.9 (quintuplet, 2H), 0.82 (s, 9H), 0.0 (s, 6H). 

The compounds of Preparations 1 19 - 122 may be prepared essentially as 
described in Preparation 118. 
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Prep. 


Compound 


, Data 


119 


4-Bromo- 1 - f 3-( tert-butyldi- 

methylsilyloxy)prop-l-yl]-lH- 

indole 


'H-NMRC-WO MHz, DMSO-ds): 8 7.48(d, J = 
8, 1H), 7.4(d, J = 3 Hz, 1H), 7.22(d, J = 8 Hz, 
1H). 7.05(dd, J = 8, 1Hz, 1H), 6.4(d, J= 3Hz, 
1H), 4.25(t, J = 7 Hz, 2H), 3.49(t, J = 7 Hz, 
2H), 1.9 (quintuplet, 2H), 0.82(s, 9H), 0.0(s, 
6H) 


120 


4-Bromo- 1 -methyl- lH-indole 


'H-NMR^ MHz, CDC1 3 ): 87.29-7.25(m, 
2H), 7.10(d, J = 3.2Hz, 1H), 7.07(d, J = 8 Hz, 
1H), 6.53(d, J = 2.4Hz, 1H), 3.79(s, 3H) 


121 


l-[2-(tert- 

butyldimethylsilyloxy)-eth-l-yl]- 
6-methoxy-lH-indole 


HRMS (M*+l): 306.1882 


122 


7-Bromo-l-(but-3-enyl)-lH- 
pynolo[2,3-c]pyridine i 


MS0ES+): 251.3 [M( ,y Br)+l] + , 253.3 
[M("Br)+l] + 



Preparation 123 

(e-Methanesulfonyl-S^-dihydro-tl^diazepino^,? ,l-hi]indol-l-yl)oxoacetic acid methyl 

ester 

5 6-Methanesulfonvl-5 < 6^hvdro-ri.41diazepinor6.7.1-hnindole 

Add triethylamine (3.19 g, 31.56 mmol) to a solution of 2-[(lH-Indol-7- 
ylmethyl)amino]-ethan-l-ol (2.0 g, 10.52 mmol) in tetrahydrofuran (50 ml) at 0°C. 
Slowly add 1.75 mL (22.09 mMol) methanesulfonyl chloride and allow the reaction to 
warm to room temperature. Quench the reaction with saturated aqueous sodium 

10 bicarbonate and extract into ethyl acetate. Combine the organic layers, wash sequentially 
with saturated aqueous ammonium chloride, water, and saturated aqueous sodium 
chloride, dry over magnesium sulfate, and concentrate under reduced pressure. Add 
sodium hydride (0.8416 g, 21.04 mmol, 60% dispersion in mineral oil) to the resulting oil 
in dimethylformamide (20 ml). Quench the reaction with saturated aqueous sodium 

15 bicarbonate, concentrate to about 10 ml and extract into ethyl acetate. Combine the 

organic layers, wash sequentially with saturated ammonium chloride, water, and saturated 
aqueous sodium chloride, dry over magnesium sulfate, and concentrate under reduced 
pressure. Purification by flash chromatography, eluting with ethyl acetate: hexane 
gradient gives the title compound as an off-white solid 
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Oxoacetic acid formation 

Beginning with 6-inethanesulfonyl-5 f 6-dihydb?o[l,4]diazepino[6 ,7,l-hi]indole 
(1.47 g, 5.89 rnmol), the title compound (1.1 gm, 56%) is prepared essentially as 
described in Preparation 23 
ESMS (M*+l): 337.1 

Preparation 124 
2-(4-(acetylamino)benzofur-7-yl)acetamide 
2-f2^-DimethoxvethoxvVl-methvl-4"nitrobenzene 

Add biomoacetaldehyde dimethylacetal (30.3 g, 179 mmol) to 2-methyl-5- 
nitrophenol (25 g, 163 mmol) and potassium carbonate (50 g, 362 mmol) in . 
dimethylformamide (200 mL). Stir and reflux under nitrogen for 2.5 hours. Cool to 20°C 
temperature and add aqueous sodium hydroxide (200 mL, 1 M). Dilute the mixture with 
hexane, diethyl ether (1:1), wash with 0.2 M aqueous sodium hydroxide, aqueous 
saturated sodium chloride, dry the organic phase over anhydrous magnesium sulfate, 
filter, and concentrate under reduced pressure. Recrystallize the product from hexane to 
obtain the desired compound, as tan colored solid 30.6 gm (77%). 

7-Methvl-4-nitro-benzofuran 

Add Amberlyst® 15 ion-exchange resin (36 g) to chlorobenzene (700 mL). Heat 
the reaction mixture to reflux and azeotrope out water, to dry the resin. Dissolve 2-(2,2- 
dimethoxyethoxy>l-methyl^t-nitrobenzene (34.8 g, 144 mmol) in chlorobenzene (125 
mL) and add dropwise to the stirring, refluxing reaction mixture under nitrogen over 15 
minutes. Continue refluxing for 1.5 hours. Cool to room temperature, filter to remove the 
resin and concentrate under reduced pressure. Dissolve die residue in hexane, diethyl 
ether (1:1), wash with 0.5 M aqueous sodium hydroxide, aqueous saturated sodium 
chloride, dry the organic phase over anhydrous magnesium sulfate, filter, and concentrate 
under reduced pressure. Chromatograph on flash silica using hexane, ethyl acetate (9:1) 
and recrystallize from hexane, toluene (1:1) to obtain the desired compound as a yellow 
solid (9.7 g, 42%). 



WO 03/076442 



PCT/US03/050S0 



-59- 

NJ^-fDimethvlir2-f4-nitm ben20fur-7-vnvinvn a mi n( .. 

Add 7-methyM-nitio-benzofuran (3.5 g, 19.7 mmol) to tert-butoxy bis(dimethyl- 
amino)methane (10.3 g, 59.1 mmol). Reflux under nitrogen for 40 minutes. Concentrate 
under reduced pressure. Dissolve in xylenes (50 mL), concentrate under reduced pressure 
and dry under vacuum to obtain the desired compound as a deep red-brown solid (4.9 g, 
100%). 

HRMS: 233.0928 (M+H) 



(4-Nitrobenzofur-7-vl)acetonitrile 

Add N,N-[dimethyl] (2-(4-nitroben2»fur-7-yl)vinyl)amine 
(4.8 g, 20.6 mmol) and hydroxylamine-O-sulfonic acid (4.6 g, 40.6 mmol) to 
dimethylformamide (45 mL) and stir the mixture at room temperature for 15 minutes. 
Heat at 100°C under nitrogen for 1 hour. Cool to room temperature, dilute with diethyl 
ether, wash with water, aqueous saturated sodium chloride, dry the organic phase over 
anhydrous magnesium sulfate, filter, and concentrate under reduced pressure. 
Chromatograph on flash silica using 85% hexane, 15% ethyl acetate to obtain the desired 
compound as a light brown solid (2.9 g, 64%): 
ESMS: m/z = 200.9 (M-l) 

N-r7-(Cvanomethvnbenzofur-4-vnacetamide 

Add (4-Mtrobeiizofur-7-yl)acetonitrile (600 mg, 2.96 mmol), acetic anhydride 
(600 mg, 5.88mmol), and 5% palladium on carbon (300 mg) to tetrahydrofuran (25 mL). 
Stir under 1 atmosphere of hydrogen for 45 minutes. Dilute with ethyl acetate, filter 
through a pad of Celite®, concentrate under reduced pressure, and chromatograph on 
flash silica using 75% ethyl acetate, 25% hexane to obtain the desired compound as an 
off-white solid (0.43 gm, 67%). 
HRMS: 215.0816 (M+H) 



Nitrile Hydrolysis 

Dissolve N-[7-(<^omemyl)benzofur-4-yl]acetamide (300 mg, 1.40 mmol) in 2- 
methyl-2-propanol (15 mL). Heat to reflux under nitrogen and add potassium hydroxide 
pellets (1.50 g, 26.7 mmol). Stir and reflux under nitrogen for 30 minutes. Pour solution 
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off of the excess potassium hydroxide and dilute with ethyl acetate. Wash with aqueous 
saturated sodium chloride, aqueous saturated sodium hydrogen carbonate (3:1), dry the 
organic phase over anhydrous magnesium sulfate, filter, and concentrate under reduced 
pressure. Rinse the solid with cold ethyl acetate, cold methanol and dry under vacuum to 
5 obtain the title compound as a tan solid (160 mg, 49%). 
HRMS: 255.0733 (M+H) 

Preparation 125 

2-(trueno[3^-b]pyridin-7-yl)acetamide 
10 7-Bromo-thienor3^-fe1p vridifiR 

Heat phosphorus oxybromide (145.00 g, 0.50 moles) to 60 °C to form a melt Add 
thieno[3,2.6]-7-pyridinol (14.73 g, 97.43 mmol) while stirring and increase heat to 100 °C 
for 2 hours. Pour the reaction contents over ice (1.0 kg). Dilute the slurry with ice and 
water to about 3 L. Extract the aqueous solution with chloroform (4 X 500 mL). Make 

15 the aqueous solution basic (pH 10-1 1) with 2 N sodium hydroxide and reextract with 
chloroform (3 X 400 mL). Treat the organic layers with magnesium sulfate, filter and 
concentrate. Redissolve the crude solid in dichloromethane (100 mL) and load the 
solution onto silica (300 g). Elute with 2 L of 30% ethyl acetate/dichloromethane. 
Concentrate the eluent to yield the desired compound as a crystalline solid (18.68 g, 

2 0 89.5%). 

2-Thienor3.2-fe 1pyridin-7-vl-malonic acid diethyl ester 

Charge a flask containing sodium hydride (17.45 g, 0.44 moles) with anhydrous 
dioxane (500 ml) while cooling at 0 °C. Add diethyl malonate (69.88 g, 0.44 moles) 

25 dropwise over one hour. Upon reaching ambient temperature, add copper (I) bromide 
(62.59 g, 0.44 moles). Add 7-bromotmeno[3^6]pyridine (18.68 g, 87.26 mmol) as a 
solution in dioxane (50 mL). Heat the reaction to reflux for 18 hours. Concentrate the 
reaction solution to -175 mL. Pour the concentrate into concentrated ammonium 
hydroxide (2.5 L). Extract the aqueous phase with ethyl acetate (6 X 300 mL). Wash the 

3 0 organic layers exhaustively with 2 N sodium hydroxide until the blue color dissipates. 
Treat the organic layers with magnesium sulfate, filter and concentrate. Purification on 
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silica utilizing a solution of 1:1:3 of ether, ethyl acetate and hexane as eluent yields the 
desired compound (14.6 gm, 57%). 

rniienor3.2-^1pvridin-7-vDacetic acid ethvl ester 
5 Dissolve 2^tMeno[3,2-fc]pyridin-7-yl)malonic acid diethyl ester (12.90 g, 44.0 

mmol) in dimethyl sulfoxide (295 mL). Add water (0.79 mL) and lithium chloride (3.73 
g, 87.9). Heat the solution to 1 10 °C for 3 hours. Quench the reaction with saturated brine 
(3 L) and extract with ethyl acetate (3X1 L). Rewash the organic layers with saturated 
brine (1L). Treat the organic layers with magnesium sulfate, filter and concentrate. The 
10 residue was purified on silica using 25% ethyl acetate/hexanes to yield the desired 
compound (5.25 g, 54%). 

2-fThienor3 ^fr1pvridin-7-vr)acetamide 

. In a high pressure flask, dissolve (thieno[3,2-&]pyridin-7-yl)acetic acid (3.02 g, 

15 13.65 mmol) in absolute ethanol (100 mL). Add ammonium chloride (1.09 g, 20.38 
mmol) to the solution. Cool the solution to -78 °C. Condense ammonia gas into the 
solution by bubbling (15 minutes at 10 psi). Seal the flask and slowly bring to ambient 
temperature. Stir the reaction at room temperature for 4 days. Cool the reaction vessel to 
-78 °C. Open the flask and allow it to slowly return to ambient pressure. Filter the 

2 0 contents and wash with water (10 mL) to obtain the tide compound as a white solid (1.46 
g). Concentrate the filtrate and triturate the residue with diethyl ether. Filter and wash 
with water (5 mL) to obtain additional pure product (0.46 g). 



Preparation 126 




6-(t^-butoxycaibonylH-me^ 
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N-ftert-butoxvcaibonvll-N^^ 

Dissolve 7-formylindole (2.5 g, 17.2 mmol), 2-aminoethanol (1.31 g, 21.4 mmol), 
and glacial acetic acid (1.29 g, 21.4 mmol) in toluene (250 mL). Reflux for 30 minutes 
and remove the water using a Dean-Stark trap. Distill some of the toluene (200 mL) from 
the reaction mixture and cool the reaction to 0°C. To the stirring reaction at 0°C add 
dropwise 1.5 molar methyllithium-lithium bromide complex in diethyl ether (57 mL, 85.5 
mmol) under nitrogen. Stir the reaction at 0°C for 15 minutes and quench by adding 
saturated aqueous sodium hydrogen carbonate (125 mL). Add a solution of di-tert-butyl 
dicarbonate (7.52 g, 34.4 mmol) in tetrahydrofuran (50 mL) and stir at 20°C for 18 hours. 
Add aqueous ammonia (29%, 15 mL), dilute the reaction with ethyl acetate, wash the 
organic layer sequentially with distilled water and saturated aqueous sodium chloride. 
Dry the organic layer over anhydrous magnesium sulfate, filter, concentrate under reduced 
pressure and chromatograph on flash silica using ethyl acetate in hexane to obtain 2.5 g 
(47%) of the desired compound as a colorless oil. 
HRMS: m/z = 327.1677 (M+Na) 

Ring Formation 

Add N-|Jert-butoxycarbonyl]-N-[2-hydroxyeth-l-yl] 7-(l-aminoeth-l-yl)indole 
(2.5 g, 8.21 mmol) to a solution of triethylamine (2.5 g, 24.7 mmol) and anhydrous 
dimethylformamide (40 mL) and cool to 0°C under nitrogen. Add a solution of 
methanes ulfonic anhydride (1.80 g, 10.3 mmol) in dimethylformamide (10 mL) dropwise 
and stir at 0°C for 30 minutes. Dilute the reaction mixture with cold (0°C) anhydrous 
dimethylformamide (200 mL) and hexane (50 mL). Add sodium hydride 60% dispersion 
in mineral oil (1.97 g, 49.2 mmol), to the stirring reaction mixture under nitrogen, and 
allow the reaction to slowly warm to 20°C. Stir at 20°C for 18 hours. Quench the excess 
sodium hydride by adding 50% aqueous acetic acid (20 mL) and concentrate under 
reduced pressure. Dilute the residue with diethyl ether, ethyl acetate (1:1), wash with 
distilled water, 0.5 molar aqueous sodium hydrogen carbonate and aqueous saturated 
sodium chloride. Dry the organic phase over anhydrous magnesium sulfate, filter, and 
concentrate under reduced pressure. Chromatograph on flash silica using ethyl acetate in 
hexane to obtain 2.2 g (94%) of the title compound as a white solid. 
HRMS: m/z = 309.1579 (M+Na) 
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Preparation 127 

6-(l^-butoxycarb^ 

yl)oxoacetic acid methyl ester 
Beginning with 6-(tejt-butoxycarix>nyl>7-methyl-6 J-dihydro-6H-[l,4]diazepino- 
[6,7,l-hi]indole, the tide compound was prepared essentially as described in Preparation 
23. 

HRMS: m/z = 373.1749 (M+H) 

Subject the racemic material to chiral chromatography on a ChiralPak® AD 4.6 x 
250 mm column, eluting with methanol at a flow rate of 1.0 ml/min. 

The first eluting isomer (5.1 minutes) is (+)-6-(tot-butoxycarbonyl)-7-methyl-6,7- 
dihydro-6H-[l,4]diazepino[6J,l-hi]indoH-yl)oxoacetic acid methyl ester. 
[a]589(DMSO, c = 10 mg/ml) = +98° 
HRMS: m/z = 373.1766 (M+H) 

The second eluting isomer (7.2 minutes) is (->6-(tert-butoxycarbonyl)-7-methyl- 
6J-dmydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)oxoacetic acid methyl ester. 
[cc] 5 89(DMSO, c = 10 mg/ml) = -94.9° 
HRMS: m/z = 373.1756 (M+H) 

Preparation 128. 
l-iodo-2-oxo-2-(morpholin-4-yl)ethane 
Dissolve l-chloro-2-oxo-2-(morpholin^l-yl)ethane (7.0 g, 42.8 mmol) and sodium 
iodide (8.0 g, 53.4 mmol) in 2-butanone (150 mL) and reflux for 3 hours under nitrogen. 
Dilute with ethyl acetate (200 mL), filter, concentrate under reduced pressure and 
chromatograph on flash silica using neat ethyl acetate to obtain 9.4 g (86%) of the tide 
compound as a yellow oil. 
HRMS: m/z = 255.9837 (M+H) 

Preparation 129 
2-(23-Dihydrobenzo[l ,4]dioxin-5-yl)acetamide 
(2.3-Dihvdrobenzon .41dioxin-5-vltaiethanol 
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Dissolve 2,3-dihydroxybenzaIdehyde (25 g, 181 mmol) and U-dibromoethane 
(34 g, 181 mmol) in N^-dimethylfonnamide (500 mL). Add cesium carbonate (118 g, 
362 mmol), stir and reflux under nitrogen for 2 hours. Cool the reaction to 20°C, dilute 
with absolute ethanol (250 mL) and add sodium borohydride (6.8 g, 181 mmol). Stir at 
20°C for 1 hour and concentrate under high vacuum to remove the ethanol and 
dimethylformamide. Dilute the residue with diethyl ether and wash with distilled water, 
0.25 molar aqueous sodium hydroxide, and aqueous saturated sodium chloride. Dry the 
organic phase over anhydrous magnesium sulfate, filter and concentrate under reduced 
pressure. Chromatograph on flash silica using a gradient from 75% hexane, 25% ethyl 
acetate to 25% hexane, 75% ethyl acetate to obtain 8.1 g (27%) of the desired compound 
as a white solid. 
HRMS: m/z = 166.0621 (M) 

(2.3-Dihv drobenzori.41dioxin-5-vlVchloromethane 

Dissolve (2,3-Dihydrobenzo[l,4]dioxin-5-yl)methanol (1.8 g, 10.8 mmol) in 
dichloromethane (15 mL). Add neat thionyl chloride (2 mL, 27.4 mmol) diopwise to the 
stirring reaction mixture at 25°C under nitrogen. Stir the reaction for 15 minutes and 
concentrate under reduced pressure to obtain 2.0 g (100%) of the desired compound as a 
yellow oil. 

HRMS: m/z = 184.0290 (M) 

(2.3-Dihv drobenzori.41dioxin-5-v1)acetonitrile 

Add (2>Dmydrobenzo[l,4]dioxin-5-yl)-chloromethane (1.9 g, 10.2 mmol) and 
sodium cyanide (655 mgs, 13.3 mmol) to dimethylsulfoxide (20 mL). Stir under nitrogen 
at 65°C for 18 hours. Dilute the reaction with ethyl acetate, wash with 0.1 molar aqueous 
sodium carbonate and aqueous saturated sodium chloride. Dry the organic phase over 
anhydrous magnesium sulfate, filter and concentrate under reduced pressure. 
Chromatograph on flash silica using a gradient from neat hexane to 50% ethyl acetate in 
hexane to obtain 1.23 g (68%) of the desired compound as a white solid 
HRMS: m/z = 175.0624 (M) 
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Nitrile Hvdrolvsis 

Beginning with (23-Khydrobenz»[l,4]dioxin-5-yl)acetonitrile (1.1 g, 6.2 mmol), 
850 mg (70%) of the title compound is prepared as a white solid essentially as described 
in Preparation 79. 
5 HRMS: m/z= 194.0810 (M+H) 

Preparation 130 

5-Fluoro-lH-indole-7-carboxaldehyde 
(5-Huoro-2-nitrophenvnmethano1 

1 0 Dissolve 5-fluoro-2~nitrobenzoic acid (15 g, 81.08 mmol) in anhydrous 

tetrahydrofuran (200 mL) and add dropwise with stirring at 20°C a 1 molar solution of 
borane in tetrahydrofuran (243 ml, 243 mmol). Stir the mixture at 20°C for 72 hours then 
add methanol (200 ml). Concentrate under reduced pressure and purify the residue by 
flash column chromatography (silica gel, 10-30% ethyl acetate/hexane) to obtain 13.92 g 

15 (1 00%) of the title compound as a white solid. 

1 H-NMR(CDCI 3 ): 6 8.14(dd, 1H), 7.48(do\ 1H), 7.06(ddd, 1H), 4.98(s, 3H), 2.04 (s, 1H) 

5-Kuoro-2-mtrobenzaldehvde 

Dissolve (5-fluoro-2-nitrophenyl)methanol (13.92 g, 81.08 mmol) in 

2 0 dichloromethane (284 mL). Add 4A molecular sieves (73 g) and pyridinium dichromate 
(36.58 g, 97.3 mmol). Stir the mixture at 20°C for 6 hours. Rlter the crude reaction 
mixture through a short silica gel column. Remove the solvent under reduced pressure 
and purify the residue by flash chromatography (silica gel, 10-20% ethyl acetate/hexane) 
to obtain 9.43 g (69%) of title compound as colorless oil. 

25 J H-NMR(CDCl3): 8 10.44(d, 1H), 8.22(dd, 1H), 7.62(dd, 1H), 7.41(ddd, 1H) 

2-Dibutox vmethvl-4-fluoro- 1 -ni trobenzene 

Dissolve 5-fluoro-2-nitrobenzaldehyde (9.43 g, 55.81 mmol), 1-butanol (12.41 g, 
167.4 mmol) and 4-toluenesulfonic acid monohydrate (0.9 g, 4.7 mmol) in toluene (84 
3 0 mL). Heat the reaction mixture to reflux, and remove the water using a Dean-Stark 

apparatus. Continue to heat the reaction mixture for 3 hours. Add water and extract the 
aqueous layer with ethyl acetate. Combine the organic layers and dry over anhydrous 
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sodium sulfate. Filter, concentrate under reduced pressure and purify by flash column 
chromatography (1% v/v triethylamine buffered silica gel, 5% ethyl acetate/hexane) to 
obtain 15.8 g (95%) of the title compound as colorless oil. 

^-NMRCCDCla): 8 7.90(dd, 1H), 7.53(dd, 1H), 7.12(ddd, 1H), 6.04(s, 1H), 3.64(t, 1H), 
3.62(t, 1H), 3.54(t, 1H), 3.52(t, 1H), 1.59(m, 4H), 1.38(s, 4H), 0.92(t, 6H). 

Ring formation/deprotection 

Dissolve 2-dibutoxymethyl-4-fl uoro- 1 -nitrobenzene (15.8 g, 52.84 mmol) in 
tetrahydrofuran (528 mL) under nitrogen and cool the solution to -40°C. Add with 
stirring a 1 molar solution of vinylmagnesium bromide in tetrahydrofuran (211 mL, 211 
mmol), maintaining a temperature of -40°C. Stir the reaction mixture at -40°C for 40 
minutes, then add aqueous saturated ammomium chloride. Extract the aqueous layer with 
ethyl acetate. Combine the organic layers, dry over anhydrous sodium sulfate, filter, and 
concentrate under reduced pressure. Dissolve the residue in tetrahydrofuran (160 mL) and 
cool to 0°C. Add 0.5 N aqueous hydrochloric acid (20 mL) and stir the mixture at 0°C for 
1 hour. Add aqueous saturated sodium hydrogen carbonate (200 mL) and extract the 
aqueous layer with ethyl acetate. Combine the organic layers, dry over anhydrous sodium 
sulfate, filter, concentrate under reduced pressure and purify by flash column 
chromatography (silica gel, 5% ethyl acetate/hexane) to obtain 4.76 g (55%) of the title 
compound as a white solid. 

'H-NMR(CDCl3): 8 10.07(s, 2H), 7.62(dd, 1H), 7.40(m, 1H), 6.60(t, 1H) 

Preparation 131 
2<5,6,7,8-teti^ydroimidazo[l,2-a]p 
Hydrogenate a mixture 2-(imidazo[l,2-a]pyridin-3-yl)acetamide (0.64 gm) and 
0.158 gm platinum oxide in 200 mL ethanol saturated with hydrogen chloride at 60 p.sj. 
for 2 hours at room temperature. Filter the reaction mixture and concentrate the filtrate 
under reduced pressure to provide 0.58 gm ethyl 2-(5,6,7,8-tetrahydroimida2o[l^- 
a]pyridin-3-yl)acetate. Heat a solution of this ester in 40 mL 2 M ammonia in methanol 
in a sealed tube at 100°C for 2 hours. Cool the reaction mixture to room temperature and 
concentrate under reduced pressure to a volume of about 5 mL. Dilute with ethyl acetate 
and filter the resulting solid to provide the title compound 
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MS(ES): m/z = 180.1 (M*+l) 

Preparation 132 
2^)i^olo[2,3-a]pyridin-3-yl)acetamide 
Beginning with 2-(pyrazolo[2,3-a]pyridin-3-yl)acetonitri]e, the tide compound is 
prepared essentially as described in Preparation 90. 

Preparation 133 

2^4-ChIorofuro[3,2-c]pyridin-7-yl)acetainide 
7-(Hvdrox vmethvnfuro f3 .2-c1pvran-4-one 

Add lithium dusopropylamine (0.454 mole) as a solution in tetrahydrofuran (100) 
mL to a solution of 3-furoic acid (23.36 g, 0.208 mole) at -78 °C over 30 minutes and stir 
for 1 hour at -78 °C. To the resulting di-anion add 1,3-Bis-triisopropylsilanyloxy-propan- 
2-one as a solution in tetrahydrofuran (250 mL)over 30 minutes and stir at -78 °C for 1 
hour and allow to warm to room temperature overnight. Quench the reaction with 
saturated aqueous ammonium chloride, pour into ethylacetate (1 L), add IN HCL (1L) 
and separate the two layers. Wash the organic layer with IN HC1, water, and brine, dry 
over magnesium sulfate, filter and concentrate to an oil. Dissolve the crude oil in 50% 
tetrahydrofuran and 50% 3N HC1 (1L) and heat a reflux over night. Distill off 
tetrahydrofuran, concentrate under reduced pressure and, add acetonitrile remove it under 
reduced pressure to azeotrope off the remaining water. Dissolve the resulting crude oil in 
acetonitrile (250 mL) and add the solution to a solution of toluene containing a catalytic 
amount of p-toluenesulfonic acid at reflux that is fitted with a Dean Stark trap over 30 
minutes. Toluene was added to replace the acetonitrile and water removed by distillation 
and azetroping (500 mL). Heat the solution at reflux until it appears no futher water is 
being removed. Hie hot solution was poured into an erlenmeyer flask and allowed to 
cool. Triturate the brown remaining residue with ethylacetate and methanol and combine 
it with the toluene solution and concentrate. Dilute with ethylacetate and wash with 
saturated aqueous sodium bicarbonate and brine, dry over magnesium sulfate and 
concentrate to an off white solid. Purification by flash chromatography eluting with 
hexanezethylacetate gives 13.27 g (42%) of the title compound as a white solid. 
MS(ES): m/e = 167.0 (M++1). 
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Methvl (4K)xo^.5-dih vdrofurof3^lDvridin-7-vnacetfltft 

Combine 7-(hydroxymethyl)furo[3,2K:]pyran-4-o (8.28 g, 49.8 mmol), 
ammonium acetate (76.8 g, 996 mmol), and glacial acetic acid and heat at reflux for 3.5 
hours. Cooling to room temperature, pouring into ethylacetate, washing with water 
saturated aqueous sodium bicarbonate, and brine, drying over magnesium sulfate, filtering 
and concentrating gives 4.42 g (42%) of the title compound, 

'H-NMRpMSO^): 5ll.5(s, 1H),7.91 (d, J = 2 Hz), 7.41 (s, lH),6.94(d, J=1.6Hz, 
1H), 5.06(s,2H), 2.00(s,3H). 

(4<)xo^.5-dihvd^ofuror3.2H:1pvridin-7-vnac^tonitTile 

Combine methyl (4H3xo-4,5-dihydroteo[3,2^]pyridin-7-yl)acetate (4.42 g, 21.3 
mmol), sodium cyanide (5.22 g, 106 mmol), and dimethylsulfoxide (44 mL) and heat at 
80 °C for 1 hour. Cool to room temperature, pour into ethyl acetate, wash sequentially 
with water, saturated aqueous sodium bicarbonate, and saturated aqueous sodium 
chloride, dry over magnesium sulftate, filter, and concentrate under reduced pressure to 
provide the desired compound (3.63 g, 63%). 
MSQBS): m/z = 173.1 (NT-1) 

Chlorination 

Add phosphorus oxychloride (150 mL) to (4K>xo^,5-dihydrofun>[3^-c]pyridin-7- 
yl)acetonitrile (2.363 g, 13.5 mmol) and heat at reflux. Concentrate under reduced 
pressure, dissolve the residue in tert-butanol (35 mL), and heat to reflux. Add KOH 
(85%) pellets and heat at reflux for 15 minutes. Cool the reaction and pour into ethyl 
acetate. Wash the organic solution with water and saturated aqueous sodium chloride, dry 
over sodium sulfate, and filter. Subject residue to flash chromatography, eluting with 
ethyl acetatermethanol to provide the title compound (858 mg, 31%) as an off white solid. 
MS(ES): m/e = 210.9 (M*). 
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Preparation 134 
2-(4-Dimethylaininofuix)[3,2-c]pyridin-7-yl)acetainide 
Combine 2-(4-cMorofuro[3^-c]pyridin-7-yl)acetamide (850 mg, 4.21 mmol), 
dimefoylformamide (5 mL) and ethanolamine (0.76 mL. 12.63 mmol). Heat the reaction 
at 130 °C overnight. Add additional ethanolamine (0.25 ml) and heat at 130 °C 
overnight. Cool to room temperature, concentrate, and dilute with ethyl acetate. Wash 
with saturated aqueous sodium bicarbonate and concentrate. Subject to flash 
chromatography, eluting with ethy lacetate.methandl to provide the title compound as a 
white solid (400 mg, 43%). 
MS(ES): m/e = 220. 1 (MM) 

Preparation 135 
2-(7-cyanoimidazo[l,2-a]pyridin-3-yl)acetarnide 
Add 100 mL ammonium hydroxide to a sealed tube containing 12.5 gm (90.21 
mMol) 2-chloro-3-cyanopyridine. Seal the tube and heat the suspension at 120°C for 6 
hours. Cool the reaction mixture to room temperature and partition between ethyl acetate 
and saturated aqueous sodium bicarbonate. Extract the aqueous phase with ethyl acetate 
(3 x 100 mL) followed by 70:30 ethyl acetate.n-butanol (2 x 100 mL). Combine organic 
phases and concentrate under reduced pressure to provide 2-ammo-3-cyanopyridine. 
MS0ES): m/e = 120 (M*+l) 

2-amino-3-cyanopyridine is reacted as described in Preparation 1 10 to provide the 
title compound. 
MS(ES): m/e = 230(M + +l) 
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Preparation 136 




Methyl (5,6-(2>dimethyl-[13]dioxolanj4)-8-(tert-.butoxycarbonyl)- 
[l,5]diazaperhydroonino[8,9,l-hi]indol-l-yl)oxoacetate 

Oxidation 

Add osmium tetraoxide (9mg, 0.035 mmol) in butanol (1.5 mL) to a solution of 
the alkene prepared in Preparation 18 (0.5 g, 1.75 mmol) in 9:1 tetrahydroftiranrwater. 
Stir the mixture for 1 hour at room temperature. Quench with NaHS0 3 , dilute with ethyl 
acetate, and filter. Wash the organic layer sequentially with water and saturated aqueous 
sodium chloride, dry over sodium sulfate and concentrate under reduced pressure. 
Subject to silica gel chromatography, eluting with a gradient of 3:1-0:1 hexane:ethyl 
acetate to provide the desired diol. 

Diol Protection 

Dissolve the diol (0.22 g, 0.66 mmol) and p-toluenesulfonic acid (25 mg) in 5 mL 
acetone and stir the mixture for 1 hour at room temperature. Concentrate under reduced 
pressure and subject the residue to silica gel chromatography, eluting with a gradient of 
hexane containing from 0-33% ethyl acetate to provide the protected diol (150 mg, 61%). 

Oxoacetic acid ester formation 

Beginning with the protected diol, the title compound is prepared as a yellow solid 
essentially as described in Preparation 23 (60 mg ). 
MS(ES): m/z = 459(M*+H) 
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Preparation 137 
3^8-t^-butoxycaibonyl-[l,5]diazoperhydroonm 

2,5-dioxopyirole 

Add potassium tert-butoxide (2.19 ml, 2.19 mmol, 1M solution in tetrahydrofuran) 
5 to a suspension of 2-(benzofur-7-yl)acetamide (0. 13 g, 0.73 mmol) and (8-tert-butoxy- 
carbonyl-[l,5]diazoperhydrx>on^ acid methyl ester (0.283 

g, 0.73 mmol)in dimethylfonnamide (5 ml). Stir the reaction for 2 hours, quench with IN 
HC1, and extract into ethyl acetate. Wash the organic extracts sequentially with saturated 
aqueous sodium bicarbonate and saturated aqueous sodium chloride, dry over magnesium 
1 0 sulfate, filter, and concentrate under reduced pressure. Chromatograph on flash silica, 
eluting with a gradient from neat hexane to 100% ethyl acetate to obtain the title 
compound as an orange solid (0.19 g, 51%). 
MS(ES): m/z = 512.1 (M*+l) 



The compounds of Preparations 138-150 am prepared essentially as described in 
15 Preparation 137. 



Prep, 


Compound 


Data 


138 


3-(8-tert-butoxycarbonyl-[l ,5]diazoperhydrt)onino- 

[8,9,l-hi]indol-l-yl)-4-(5-Ruoro-4-methoxyben2ofur- 

7-yl>2,5-dioxopyrrole 


MS(ES): m/z = 560.8 
(M++1) 


139 


3-(8-tot-butoxycarbonyl-[l ,5]diazoperfiydroonino- 

[8,9,l-W]mdol-l-yl)-4-(f^ 

dioxopyrrole 


MS(ES): m/z = 513.2 
(M++1) 


140 


3-(6-tert-butoxycarbonyl-[l ,8]diazoperhydroonino- 
[8,9,l-hi]indol-l-yl>- 4-(furo[3,2-c]pyridin-7-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 513.2 
OT+l) 


141 


3-(6-tot-butoxycarbonyl-6,7-dihydro-6H- 

[l,4]diazepino[6J,l-hi]indol-l-ylH-(furo[3^- 

c]pyridin-7-yl)-2,5-dioxopym>le 


HRMS:m/z = 
485.1832 


142 


3<6-tert-butoxycarbon34-6,7Hiihydro-€H- 

[l,4]diazepino[6J,l-hi]indol-l-yl)-4-(isoquinolin-5- 

yl)-2,5-dioxopyrrole 


MS(ES): m/z = 495.1 
(WT+1) 


143 


3^8-t^-butoxyc^bonyl-[l^]diazopeAydroonino- 

;8,9,l-hi]indol-l-yl)^imidazo[l,2-a]pyridin-3-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 512.2 
(WT+1) 


144 


3-(6-(2,4-dimethoxybenzyl)-6,7-dihydn)-6H- 

ri^diazepinorejJ-hilindol-l-ylM^imidazoEl^-a]- 

pyridin-3-yl>2,5-dioxopynole 


MS(ES): m/z = 564.2 
(M++1) 


145 


3<8-fluoro^S-(^-butoxyiau^ 

[1 ,4]diazepino[6,7, l-hi]indol-l-yl)-4-(imidazo[l ,2-a]- 

pyridin-3-yl>2,5-dioxopynole 


MS(ES): m/z = 502.0 
(M++1) 
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146 


SKe-^t-butoxycaibonyl^ej-dihydio-eH-fl^jdiaze- 

pino[6,74^]mdol-l-yl>4-{7-chlorourudazo[l t 2-a]- 

pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 518.1 
(MM) 


147 


3^9-fluoro-6-(^-butoxycaibonyl)-6J^ydiD-6H- 
[l > 41diazepinor6JJ-hiliiidol-l-vIV4-f7-chlom- 
imidazo[l ^-a]pyridin-3-yl)-2,5-dioxopynx)le 


MS(ES): m/z = 535.9 

/TUT 1 " . 1^ 


148 


3-(6-(t^-bmoxycarbonyl)-6,7-dihydix>-6H-[l ,4]diaze- 

pinotej^-hiJindol-l-yl^CS-methoxyimidazoCl^- 

a]-pyridin-3-yl)-2 > 5-dioxopyrrole 


MS(ES): m/z = 513.9 
(MM) 


149 


3-(6-(tert-butoxycaibonyl>6,7-dihydnH5H-[l ,4]diaze- 

pinot6JJ-W]indol-l-yl)-^(6-chloroijDDidazo[li-a]- 

pyridin-3-yl>2,5-<Uoxopynole 


MS(ES):m/z = 518 

(MM) 


150 


3-(6-(tCTt-butoxycarbony]>6,7-dihydro-6H-[l ,4]diaze- 
pino[6JJ-W]indol-l.yl)^imidazo[l^a]-pyridimin- 
3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 485.1 
(MM) 



Preparation 151 
6-methyl-8-bromoimidazo[l ,2-a]pyridine 
Add chloroacetaldehyde (2.51 g, 32.08 mmol) to a solution of 2-amino-3-biomo- 
5-methylpyridine (2.0 g, 10.69 mmol) in acetonitrile (200 ml). Reflux the reaction for 4 
hours and then cool. Filter the reaction mixture and partition the white solid between 
saturated aqueous sodium bicarbonate (300 ml) and ethyl acetate. Separate the organic 
layer, wash with saturated aqueous sodium bicarbonate, dry over magnesium sulfate, and 
concentrated under reduced pressure to give the title compound as a tan solid. 
MS(ES) m/z = 21 1.0 (MM) 

Preparation 152 
6,8-dimethj4imidazo[l,2-a]pyridine 
Microwave a mixture of 6-methyl-8-bromoimidazo[l,2-a]pyridine (1.0 g, 4.76 
mmol), tetramethyl tin (2.0 g, 1 1.2 mmol), and palladium tetralds(triphenylphosphine) 
(0.28 g, .024 mmol) at 120°C for 10 minutes at 300 watts. Subject the reaction mixture to 
flash silica gel chromatography to provide a quantitative yield of the title compound as a 
tan oil. 
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Preparation 153 

R-6-(^-butoxy C artoo^^ 
N-rfm-indnl-7- Y l)m q tfavn.R. 2 . >ltt1 i noDronan _ 1 ^ 

Add D-alaninol (2.9 ml, 37.39 mmol), sodium triacetoxy borohydride (8.7 g, 
5 41.09 mmol), and acetic acid (0.8ml, 13.7 mmol) to a solution of lH-indole-7- 

carboxaldehyde (2.0 g, 13.7 mmol) in dichloroethane (100 ml). Stir the reaction mixtuie 
atmomtemperatureforonedayandthenateo^Cforlday. Quench with saturated 
aqueous sodium bicarbonate, wash with saturated aqueous sodium chloride, dry over 
magnesium sulfate, and concentrate under reduced pressure to provide the title compound 
1 0 (0.87 g, 31%) as a yellow oil. 
MS(ES): m/z = 205 (M++1) 

N-ftert-butoxvcarbonvn-N-rf 1 H.mdaU7.^^ ] . R . 2 . am i^ r rr T ^ 

Reflux N-[(l/r-indol-7-yl)methyl]-R-2-aminopio P an-l-ol (0.500 g, 2.45 mmol) 
and di-tgrt-butyl dicarbonate (0.640 g, 2.94 mmol) in tetrahydrofuran (25 ml) under 
nitrogen for 1.5 nr. Cool to room temperature and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography, eluting with 1:1 ethyl acetaterhexane to 
provide the title compound (0.680g, 96%) as a clear oil. 
MS(ES): m/z- 305.0 (M+l) 



15 



20 



N-ftert-butoxYca T honvll-N-ra7/-inrin1-7- Y l > me thvn.R^ flm ino-i- 
methanesulfnnvloxvpropane 

Add a solution of methanesulfonyl chloride (0.237 g, 0.16 ml, 2.07 mmol) in 
dichloromethane (5 ml) dropwise to a solution of N-[tert-butoxycaroonyl]-N-[(m-indol- 
25 7-yl)methyl]-R-2-aminopropan-lH0l (0.600 g, 2.07 mmol) and taemylamine (1.44 ml, 
1.045 g, 10.33 mmol) in dichloromethane (20 ml) at 0°C under nitrogen for 1 hour. 
Dilute the reaction mixture with ice water and extract with dichloromethane. Wash the 
organic phase with concentrated aqueous sodium chloride, dry over magnesium sulfate 
and concentrate under reduced pressure to provide the title compound. 
*H NMR (400 MHz, CDC1 3 ): 8 10.20 (s, br, 1H), 7.61 (m, 1H), 7.22 (m, 1H), 7.04 (m, 
2H), 6.53 (d, J = 2.44 Hz, 1H), 4.91 (m, 1H), 4.59 (m, 1H), 4.24 (m, 1H), 4.12 (m, 1H) 
3.90 (m, 1H), 3.45 (m, 2H), 2.31 (s, 3H). 



30 
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Ring Closure 

Add sodium hydride (0.124 g, 3.11 mmol, 60% suspension in oil) to a solution of 
N-|^-butoxycarbonyI]-N-[(l^ 

propane in dimethylfonnamide at 0°C under nitrogen. Stir the reaction for 1 hour and 
then partition between ethyl acetate and saturated aqueous ammonium chloride. Wash the 
organic phase with saturated aqueous sodium chloride, dry over magnesium sulfate, and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with 1:1 hexane:ethyl acetate to provide the title compound (0.367 g, 66%) as a 
white solid. 

MS (ES): m/z = 287.0 (M + 1) 

Preparation 154 

6-(t^~butoxycarbonyl)^methyW,7-dihydro-6H-[l ,4]diazepino[6,7, l-^f|indole 
(Indol-7-vnmethy laTnine 

Add hydroxylamine hydrochloride (2.87 g, 41.37 mmol) and ammonium acetate 
(4.78 g, 62.06 mmol) to a solution of indole-7-carboxaldehyde (3.0 g, 20.68 mmol) in 
ethanol:H 2 O(3:i)(120ml). Stir at room temperature for 2 hours. Add ammonium 
hydroxide (25 ml, 0.72 mmol) and zinc (11.0 g, 8.1 mmol) in portions. Filter the reaction 
mixture, dilute with ethyl acetate, and wash with water. Extract the organic layer with IN 
HC1. Make the aqueous layer basic by adding IN NaOH and extract with ethyl acetate. 
Wash the organic layer with water followed by saturated aqueous sodium chloride, dry 
over magnesium sulfate, and concentrate under reduced pressure to provide the desired 
compound (2.69 g, 89%) as a white solid. 
MS(ES): m/z = 147 (M*+l) 

N>fnhdol-7-vl)methvn-2>bromop ropioTiflmHft 

Add 2-bromopropionyl chloride to a solution of (indol-7-yl)methy]amine and 
triethylamine (0.49g, 47.6 mmol) in tetrahydrofuran (20 ml) at 0°C. Stir for 1 hour at 
room temperature and quench with saturated aqueous sodium bicarbonate. Extract with 
ethyl acetat, concentrate under reduced pressure and subject the residue to silica gel 
chromatography to provide the desired compound (0.62g, 46%) as a yellow solid 
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MS(ES): m/z = 281.0 (M++1) 

4-methvl-6.7Ktihvdro ^ff41.41dia2^^ 

Add sodium hydride (0.03 g, 1.59 mmol, 60% dispersion in mineral oil) to a 
solution ofN-[(indol-7-yI)methyl]-2-bromopropionamide (0.6 g, 2.12 mmol) in dimethyl- 
formamide (20 ml). Stir the reaction at room temperature for lhour, quench with 
saturated aqueous saturated sodium bicarbonate. Extract with ethyl acetate, concentrate 
under reduced pressure and subject the residue to silica gel chromatography, eluting with 
1:1 ethyl acetate:hexanes to provide the desired compound (0.3 g, 94 %). 
MS(ES): m/z = 201.1(M + +l) 

Reduction 

Add 4-methyl-6 ,7-dihydro-6#-[l,4]diazepino[6 ,7,l-Ai]indol-3-one (1.0 g, 4.99 
mmol) to a suspension of lithium aluminum hydride (0.194 g, 4.99 mmol) in tetrahydro- 
furan (100 ml) at 0°C and stir for 1 hour. Add sequentially water, aqueous sodium 
hydroxide, and water with vigorous stirring. Add di-tert-butvl dicarbonate (1.30 g, 5.99 
mmol) and stir at room temperature to give the title compound (0.62 g, 44 %) as a white 
solid. 

'H-NMR(400 MHz, DMSO-d*): 57.4 (m, 2H), 6.85 (m, 2H), 6.5 (d, 1H), 5.1-3.6 (m, 
5H), 1.4-1.2(m,12H). 

Preparation 155 

6-(2;4-dmethoxybenzyl^ 
N-rfindol- 7-vl)methvn-2,4KUmethoxvbenzvlamine 

Add 2,4-dimethoxybenzylamine (27.64g, 165.3 mmol) to a solution of indole-7- 
carboxaldehyde (20.0 g, 137.7 mmol) and acetic acid (8.26 ml, 137.7 mmol) in toluene 
(250 ml). Reflux and collect water using a Dean-Stark trap while replacing with fresh 
anhydrous toluene. Concentrate under reduced pressure, dissolve the residue in methanol 
and add sodium borohydride in portions. Dilute with ethyl acetate and wash sequentially 
with saturated aqueous sodium bicarbonate followed by saturated aqueous sodium 
chloride, dry over magnesium sulfate, and concentrate under reduced pressure to provide 
the desired compound as a brown oil. 
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N-r2,4-dimethoxvbenzvl1-N-^ 

Add 2-bromopropionyl chloride (3.25 g, 18.96 mmol) to a solution of N-[(indol-7- 
yl)methyl]-2,4-dimethoxybenzylaiiiine (5.0 g, 17.24 mmol) and triethylamine (3.49g, 
5 64.48 mmol) in tetrahydrofuran (100 ml). Stir for lhour at room temperature and quench 
with saturated aqueous sodium bicarbonate. Extract with ethyl acetate, concentrate under 
reduced pressure, and subject the residue to silica gel chromatography eluting with 1:1 
ethyl acetaterhexanes to provide the desired compound (4.72 g, 63 %). 
1 H-NMR(400 MHz, DMSO-d*): 511.2 and 10.7 (bs, 1H, rotamers), 7.5 -6.5 (m, 8H), 5.2 
10 - 4.0 (m, 6H), 3.7 (d, 3H, rotamers), 1.8 - 1.5 (m, 2H, rotamers). 

6-(2 f 4-dimethoxYbenzyl)^me^ 

Add sodium hydride (0.08 g, 3.47 mmol, 60% dispersion in mineral oil) to a 
solution of N-[2,4-dimethoxybenzyl]-N-[indol-7-ylmethyl]-2-bromopropionam (1.0 g, 
15 2.32 mmol) in dimethylfonnamide (10 ml). Stir at room temperature for lhour, quench 
with saturated aqueous sodium bicarbonate, extract with ethyl acetate, concentrate under 
reduced pressure, and subject the residue to silica gel chromatography to provide the 
desired compound (0.74 g, 91 %). 
MS(ES): mlz = 350.7 (M*+l) 

20 

6-(2,4^dmethoxvbenzvlM^ 
one 

Add n-butyllithium (15.9 ml, 1.6 M in hexane) to a solution of diisopropylamine 
(2.74, 27.16 mmol) in tetrahydrofuran (200 ml) at -15°C and stir for 30 minutes. Cool to 

2 5 -78°C and add 6-(2,4-dimethoxybenzyl)-4-^ 

ta]indol-3-one (5.95 g, 16.97 mmol). Stir for 30 minutes, quench with methyl iodide (6.5 
g, 23.1 mmol), and gently warm to room temperature. Quench with saturated aqueous 
sodium bicarbonate, extract with ethyl acetate, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography to provide the desired compound (0.844 

30 g,75%). 

1 H-NMR(400 MHz, DMSO-c^): 87.51 (d, 1H), 7.48 (dd, 1H), 6.95 - 6.82 (m, 3H), 6.5 - 
6.35 (m, 3H), 4.85 (bs, 2H), 4.55 (bs, 2H), 3.65 (s, 3H), 3.64 (s, 3H), 1.83 (s, 6H). 
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Reduction 

Add borane (1M in tetrahydrofuran, excess) to a solution of 6-(2,4-diinethoxy- 
ben 2 ylM,4^i me thyi-6 J-dihydio^&[l,4]dia2e P inoE6Ja-^indol-3-cme in 
5 tetrahydrofuran (60 ml). Reflux for 30 hours and dilute with ethyl acetate. Quench with 
saturated aqueous sodium bicarbonate. Extract with ethyl acetate and concentrate under 
reduced pressure. Subject the residue to silica gel chromatography to provide the title 
compound 

1 »NMR(400 MHz, DMSO-d,): 87.49 (d, IH), 7.35 (d, IH), 7.29 (d, IH), 7 .0(dd, IH) 
10 6.9 (d, IH), 6.9 (d, IH), 6.57 (d, IH), 6.48 - 6.44 (m, 2H). 

Preparation 156 

Alternate Synthesis of 2-(iinida Z o[l > 2-a]pyridin-3-yl)acetamide 
Ethvl 4.4-di methoxv-hiit-2-enoate 

15 Dissolve dimethoxyacetaldehyde (97g, 0.635 mol, 60% in water) and 

triethylphosphonoacetate (142 g, 0.633 mmol) in 7:1 tetrahydiofuran:water. Add 
potassium carbonate (lOOg, 0.723 mole) and stir for 4 hours at room temperature. Pour 
the reaction into ethyl acetate (500 ml) and wash with saturated aqueous sodium 
bicarbonate and saturated aqueous sodium chloride. Concentrate under reduced pressure 

20 to provide the desired compound as a clear oil. 

'H-NMR^ MHz, DMSO-ds): 5 6.6 (dd, IH), 6.1 (d, IH), 4.95 (dd, IH), 4.13 (q, 2H) 
1.2(t,3H). 

Ethyl 2-(imidazon.2-a1pYr <din-3-vn a r.Pt a t» 

25 Add ethyl 4,4-dimethoxybut-2-«noate (2.0g, 11.48 mmol) and E-toluenesulfonic 

acid (catalytic) to 4:1 acetonitrile:water. Reflux for 1 hour and add 2-aminopyridine (1.08 
g, 11.48 mmol). Reflux for lhour, dilute with ethyl acetate, and wash saturated aqueous 
sodium bicarbonate followed by saturated aqueous sodium chloride. Concentrate under 
reduced pressure to provide the desired compound as a brown oil. 

30 'H-NMR(400 MHz, DMSO^): 8 8.3 (m, IB), 7.53 (m, IH), 7.46 (s, IH), 6.9 (m, IH), 
6.42 (m, IH), 4.1 (q, J = 7Hz, 2H), 1.15 (t, J = 7Hz, 3H) 
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Amide f ormation 

Bubble ammonia through a solution of ethyl 2-(imidazo[l,2-a]pyridin-3-yI)acetate 
(10.0 g, 48.96 mmol) in methanol (30 ml) at 0°C. Heat the reaction mixture in a sealed 
tube at 100°C for 2 hours. Concentrate the reaction mixture under reduced pressure. Add 
ethyl acetate to the residue to provide the title compound as a white solid. 
ESMS: m/z = 176.1 (M++1) 



Beginning with the appropriately substituted aminopyridine, aminopyrimidine, 
aminopyrazine, or aminopyridazine, the compounds of Preparations 157 to 171 maybe 
prepared essentially as described in Preparation 156. 



Preparatio 
n 


Compound 


: Data 


157 


2-(6-fluoroimiclazo[l^-a]pyridin-3-yl)acetamide 


MS(ES):m/z= 194.0 
(MVl) 


158 


^ w-m ii uuruine tnyn m 1 o azo [ i , z-ajpyndin-3 - 
yl)acetamide 


MS(ES): m/z = 244.1 
(M++1) 


159 


2-(8-cyanoimidazo[l ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 201.1 
(M++1) 


160 


2^imidazo[l,2-a]pyra2in-3-yl)acetamide 


MS(ES): m/z = 177.0 
(M*+l) 


161 


2-(N-I^-butoxycaibonyl]-8-aminoimidazo[l,2- 
a]pyridin-3-yl)acetamide 


MS(ES): m/z = 235.0 
(M++1)" 


162 


2-(imidazo[l^b]pyridazin-3-yl)acetamide 


MS(ES): m/z = 177.0 
(MM) 


163 


2-(6-methylimidazo[l^-b]pyridazin-3-yl)acetaim 


MS(ES): m/z = 190.9 
(M++1) 


164 


2-(7-methoxyiimdazo[l ,2-a]pyridin-3-yl)acetaim 


MS(ES): m/z = 206 
(M++1) 


165 


2^6-methoxyimida2K>[l^a]py^ 


MS(ES): m/z = 206 
(M++1) 


166 


2-(7-methyliimdazo[l^-a]pyridin-3-y])acetamide 


MS(ES): m/z = 204 
(M++I) 


167 


2-(6-chloroimidazo[l ,2-a]pyridin-3-yl)acetamide 


MS(ES): m/z = 210 
(M++1) 


168 : 


2-(imidazo[l ,2^]py3dmidin-3-yl)acetamide 


MS(ES): m/z = 177 
M*+l) 


169 : 


i-(6-isopropylimidazo[ 1 ,2-a]pyridin-3-yl)acetamide 




170 : 


Himidazo[l ^a]pyrimidin-3-yl)acetamide 




171 : 


*K7-ammoimidazo[l^a]pyr^ 
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Preparation 172 
6-Fluoroindole-7-caiboxaldehyde 

23-dihvdro-6-fluoix>indole 

Add sodium cyanoborohydride (5.57 g, 88.78 mmol) to a solution of 6-fluoro- 
indole (10 g, 73.99 mmol) in acetic acid (100 ml). Stir at room temperature for 30 
minutes. Pour the reaction mixture into 5N sodium hydroxide and extract with ethyl 
acetate. Wash the combined organic phases with saturated aqueous sodium bicarbonate 
followed by saturated aqueous sodium chloride. Concentrated under reduced pressure and 
subject the residue to silica gel chromatography to provide the desired compound as a 
colorless oil (7.69g, 76%). 
MS(ES): m/z = 138.1 (MVl) 

l-(tert-butoxvcarbonvlV23-dihvdK>6-fluoroindole 

Add di-tert-butyl dicarbonate (12.35 g, 56.62 mmol) to a solution of 2,3-dihydro- 
6-fluoroindole (7.67 g, 56.06 mmol) in tetrahydrofuran (100 ml) and stir at room 
temperature over night. Concentrate the reaction mixture under reduced pressure to 
provide the desired compound as a white solid (13.2 g, 55.6 mmol). 
1 H-NMR(4O0 MHz, DMSO-cfc): 57.4 (bs, 1H), 7.15 (dd, 1H), 6.7 (m, 1H), 3.92 (t, 2H), 
3.0 (t,2H), 1.45 (s,9H). 

2,3-dihvdro->6"fluoroindole-7-carboxaldehvde 

Add tert-butyllithium (21.13 ml, 35.93 mmol, 1.7 M solution in heptane) to a 
solution of l-(t^-butoxycarbonyi)-23^ydro^fluoroindole (3.28g, 13.82 mmol) in 
anhydrous tetrahydrofuran (100 ml) at -78 C. Stir for 20 minutes, quench with excess 
dimethylformamide, and stir for 1 hour at -78 C. Warm to room temperature, add 
saturated aqueous ammonium chloride, and extract with ethyl acetate. Concentrate the 
combined organic phases under reduced pressure and subject the residue to silica gel 
chromatography to provide the desired compound as a bright yellow solid (0.91g, 42%). 
1 H-NMR(400 MHz, DMSO-cfc): 810.1 (s, 1H), 7.1 (dd, 1H), 6.15 (m, 1H), 3.75 (t, 2H), 
2.98 (t, 2H) (dd, 1H), 6.7 (m, 1H), 3.92 (t, 2H), 3.0 (t, 2H), 1.45 (s, 9H). 
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Oxidation 

Add manganese(IV) oxide (3.0 grams) to a solution of 2,3-dihydro-6-fluoroindole- 
7-carboxaldehyde (350 mg, 2.11 mmol) in dichloromethane and reflux for 2 hours. Cool 
to room temperature and filter through celite. Concentrate the filtrate under reduced 
5 pressure to provide the title compound as an off-white solid (240 mg, 68 %). 

1 H-NMR(400 MHz, DMSO^): 59.7 (s, 1H), 7.1 (dd, 1H), 6.55 (d, 1H), 6.15 (m, 1H), 
5.75 (s, 1H). 

Preparation 173 

10 3-(6,7-dihydro-6H-[l,4]dia^ 

dioxopyrrole 

Add pyridine hydrochloride (1 g, 8.36) to a test tube containing 3-(6-(2,4- 
dimethoxybenzyl)-6 J-dihydro-6H-[l ,4]diazepino[6,7, 1 -hi]indol-l-yl)-4-(imidazo[l ,2-a]- 
pyridin-3-yl)-2,5-dioxopyrrole (0.25 g, 0.445 mmol). Heat at 150°C for 1 hour. Pour into 
15 water, add solid sodium bicarbonate, and extract into ethyl acetate. Concentrate under 
reduced pressure subject the residue to silica gel chromatography to provide the title 
compound (0.143 g, 0.347 mmol). 

Preparation 174 

2 0 2-amino-3-fluoiopyridine trifluoroacetate 

Lithium 3-fluoropvridine-2-caiboxylate 

Add n-butyllithium (1.6 M in hexane, 200 mL) to a mixture of diethyl ether (1.5 
L) and l,4-diazabicyclo[2.2.2]octane (34.26 g, 305 mmol) at -78 °C under nitrogen. Add 
a solution of 3-fluoropyridine (29.6 g, 305 mmol) in diethyl ether (150 mL) dropwise over 

25 30 minutes. Warm the reaction to -70 to -68 °C and stir for 45 minutes. Bubble dry 
carbon dioxide gas into the mixture for -1 hour then warm to room temperature. Filter 
the suspension, wash the solid with diethyl ether, and dry under reduced pressure at 40°C 
over night to provide the desired compound (43.3 g) as a white solid. 
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N-ftert-butoxvcarbonvn-2-flmi no-3-fluompY rirtinf. 

Combine lithium 3-fluoropyridine-2-carboxylate (1 g, 6.88 mmol), diphenylphos- 
phoxylazide (3.72 mL, 17.5 mmol), and 2-methyl-2-propanol (3.72 mL). Heat at reflux 
for 3 hours. Cool and concentrate under reduced pressure. Subject the residue to silica 
5 gel chromatography to provide the desired compound (0.714 g) as a white solid. 

Deorotection 

Stir a mixture of N-[^-butoxycarlxmyl]-2-ammo-3-fluoropvridine (0.714 g) and 
trifluoroacetic acid (7 mL) for 30 minutes. Concentrate under reduced pressure and dry 
10 the residue at 40 °C under reduced pressure to provide the title compound as an off-white 
solid. 

'H-NMRpMSO-de): 87.80-7.75 (m, 2H), 6.78-6.73 (m, 1H). 



15 



20 



Preparation 175 

l-methyl-3-((4-(tert-bm^ 
3-((4-(tert-butoxvcaihonvnpipi».i ^in-l-vnMt^nvlMmidazolft 

Add N-[tert-butoxycarbonyl]piperazine (1.14 g, 6.15 mmol) in dichloromethane 
(15 ml) to a solution of NJ^artonyldiinridazole (1.0 g, 6.15 mmol) in dichloromethane 
(10 ml) and stir at room temperature for 48 hours. Concentrate under reduced pressure 
and subject the residue to silica gel chromatography, eluting with ethyl acetate to provide 
the title compound (1.35 g, 78%) as a white solid. 
HRMS: m/z = 281.1606 (NT+1) 

Alkvlation 

25 Add iodomethane (1.2 ml, 18.5 mmol) to a solution of 3-((4-(tert- 

butoxycarbcmyl>piperazm-l-yl)caroonyl)imidazole (1.3 g, 4.6 mmol) in acetonitrile (25 
ml) and stir at room temperature for 72 hours. Concentrate under reduced pressure, rinse 
residue with hexane, dry under reduced pressure to provide the title compound (1 .84 g, 
93%) as a white solid. 

3 0 'H-NMRPMSO-d*): 89.53 (s, 1H), 7.99 (dd, 1H), 7.84 (dd, 1H), 3.89 (s, 3H), 3.48 (m, 
4H), 3.45 (m, 4H), 1.40 (s, 9H). 
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Preparation 176 
7-methyl-6^xa^,5-dihyd^-3-azabenzo[cd]azulene 




l-findol-7-vltethan-l-ol 
5 Add 7-fonnylindole (1.0 g, 6.89 mmol) in anhydrous tetrahydrofuran (15 ml) 

dropwise to a solution of 1.4M methyllithium in diethyl ether (12.2 ml, 17.1 mmol) at 
-78°C. After 15 minutes add saturated aqueous sodium bicarbonate (15 ml). Dilute with 
1:1 ethyl acetate: diethyl ether, wash with saturated aqueous sodium bicarbonate followed 
by saturated aqueous sodium chloride, dry over magnesium sulfate, and concentrate under 
10 reduced pressure to provide desired compound (1.05 g, 94%) as a white solid. 
MS(ES): m/z = 160.4 (MM) 

7-(l-(tert-butvldimethvlsilvloxv)eth-l-vnindole 

Add tert-butvldimethvlsilyl chloride (16.4 g, 108 mmol) in anhydrous tetrahydro- 

15 furan (100 ml) to l-(indol-7-yl)ethan-l-ol (10.7 g, 66.4 mmol) and imidazole (11.8 g, 173 
mmol) in anhydrous tetrahydrofuran (100 ml). Stir at 20°C for 2 hours. Dilute with 
hexanes (400 ml). Wash with 0.25 M aqueous sodium bicarbonate followed by saturated 
aqueous sodium chloride. Dry over magnesium sulfate and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with hexane containing 

2 0 10-25% ethyl acetate to provide the desired compound (16 g, 87%) as a colorless oil. 
HRMS: m/z =275.1701 (M*) 

1^2-ftert-birtvldime^ 

Add sodium hydride (2.75 g, 24 mmol, 35% in mineral oil) to l-ftert-butvldi- 
2 5 methylsilyloxy)eth-l-yl)indole (5.5 g, 20 mmol) in NJN-dimethylformamide (50 ml) and 
stir for 15 minutes at 20°C. Add (2-bromoethoxyVtert-butyldimethylsilane and stir at 
20°C for 4 hours. Dilute with hexanes. Wash with 0.25 M aqueous sodium bicarbonate 
followed by saturated aqueous sodium chloride. Dry over magnesium sulfate and 
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concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with hexane containing 30% ethyl acetate to provide the desired compound (8.0 g, 
89%) as a colorless oil. 
MS(ES): m/z = 433.36 (M 4 ) 

5 

Ring Formation 

Add a mixture of tetrahydrofuran (100 ml) and 1M hydrochloric acid (100 ml) to a 
stirring solution of l-(2-(^-butyldimethylsilyloxy^ 

silyloxy)eth-l-yl)indole (8.0 g, 17.9 mmol) in tetrahydrofuran (150 ml) at 15°C. Stir at 
10 20°C for 3 hours. Add 37% aqueous ammonia and solid sodium chloride. Separate the 
layers and extract the aqueous layer with ethyl acetate. Combine all organic phases, dry 
over magnesium sulfate and concentrate under reduced pressure. Subject the residue to 
silica gel chromatography, eluting with hexane containing 10-50% ethyl acetate to 
provide the title compound (0.65 g, 19%) as an oil. 
15 HRMS: m/z = 188.1078 (M++H) 

Preparation 177 
2-amino-5-methoxypyridine 
Add 2-amino-5-bromopyridine (5.0 g, 29 mmol) to a freshly prepared solution of 
2 0 sodium methoxide (1 ,3 g, 58 mmol) in methanol (50 mL) and then add copper powder 
(1.8 g, 2.9 mmol). Heat and stir the mixture in a sealed tube at 160 °C for 3 days. Cool, 
filter through celite and concentrate under reduced pressure. Dissolve the residue in 
dichloromethane, then wash with water and saturated aqueous sodium chloride. Dry over 
magnesium sulfate, concentrate under reduced pressure, and subject the residue to silica 
25 gel chromatography, eluting with hexane/ethyl acetate; 3:1 to 0:1 to provide the title 
compound (1.5 g). 
MS(ES): m/z = 125 (M++H). 
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Preparation 178 
2<6^thylimidazo[l,2-a]pyrid^-3-yl)acetamide 
Ethvl 2-(6-vinvlimidazopvridinri .2-a1pvridin-3-vltecetate 

Bubble nitrogen into a mixture of ethyl 2-(6-bromoimidazo[l t 2-a]pyridin-3-yl)- 
5 acetate (2.0 g, 7.0 mmol), vinyltributyltin (3.3 g, 11 mmol) and tetralds(triphenyl- 

phosphine) Pd (0) (0.25 mg) in a resealable tube in toluene for 3 minutes. Heat and stir at 
110°C for 16 hours. Cool and concentrate under reduced pressure. Subject the residue to 
silica gel chromatography, eluting with hexane/ethyl acetate; 1:1 to 0:1 provide the 
desired compound (0.90 g, 55%). 
10 MS(ES): m/z = 231(M + +H). 

Ethvl 2-(6-ethy 1imi dazfip yridinf 1 ,2-a1pvridin-3-vl)acetate 

Hydrogenate a mixture of ethyl 2-(6-vinylimidazo[l ,2-«]pyridin-3-yl)acetate (0.89 
g, 3.9 mmol) and 5 % palladium on active carbon (80 mg) in ethyl acetate (50 mL) at 
15 ambient temperature and 1 atmosphere for 16 hours. Filter and concentrate the filtrate 
under reduced pressure to provide 0.80 g of the desired compound. 
MS(ES): m/z = 233 (Nf+H). 

Amide formation 

2 0 Heat ethyl 2-(6-ethylimidazo[l ,2-a]pyridin-3-yl)acetate (0.8 g) in 7.0 N ammonia 

in methanol in a sealed tube at 95 °C for 16 hours. Cool and concentrate under reduced 
pressure. Recrystallize the residue from methanol and diethyl ether to provide the title 
compound (0.25 g, 35%). 
MS(ES): m/z = 204(M++H). 

25 

Preparation 179 
2-amino-5-isopropylpyridine 
N-rbenzvn-2-amino-5-isopropvlpvridine 

Dissolve 2-cMoro-5-isopropylpyridine (5g, 0.032 mol), benzylamine (6.8g, 0.064 
30 mol), Biphenyl-2-yl-dicyclohexyl-phosphine (0.46g, 1.3 mmol), Pd(OAc)2 (0.14g, 0.64 
mmol), and sodium tert-butoxide (4.3g, 0.045 mol) in 60 mL of toluene. Deoxygenate 
three times. Heat at 100 °C for 18 hours. Cool and concentrate under reduced pressure. 
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Subject the residue to silica gel chromatography, elating with 1:1 hexanes:ethyl acetate to 
provide 5.5g of the desired compound. 

Debenzvlatinn 

5 Stir N-[benzyl]-2-aimno-5-isopropy]pyridine (5g, 0.022 mol) and 95% sulfuric 

acid at room temperature for 18 hours. Pour into ice, make basic with 15% aqueous 
sodium hydroxice, and extract with dichloromethane (3x100 mL). Concentrate combined 
organic phases under reduced pressure to provide 2.5 g of the title compound 

10 Preparation 180 

5,6-dihydropym>lo[3^a-ij]qumolin-6-one 
1.2.5.6-tetrahvrirnp Y rr olor3.2. 1 -i flmiinolin-6-niie. 

Add trifluoromethanesulfonic anhydride (10.5 mL, 63 mmol) in dichloroethane 
(30 mL) to iW-dimemylacrylamide (6.4 mL, 63 mmol) in dichloroethane (100 mL) at 
15 0°C dropwise with vigorous stirring over 5 minutes. Add indoline (5.6 mL, 50 mmol) in 
dichloroethane (30 mL) dropwise over 5 minutes. Remove from cooling bath and heat at 
reflux for 3.5 hours. Cool to room temperature. Dilute with diethyl ether (600 mL). 
Wash with aqueous potassium carbonate (400 mL), dilute aqueous sodium bicarbonate (2 
X 300 mL) and saturated aqueous sodium chloride (300 mL). Dry over sodium sulfate 
and concentrate under reduced pressure. Subject the residue to chromatography (pre- 
packed silica gel), eluting with 19:1 dichloromethane/ethyl acetate to provide the desired 
compound (2.65 g, 31 %). 



20 



25 



30 



Oxidation 

AddDDQ (5.9 g, 26.0 mmol) to l,23,6-tetrahydropvrrolo[3,2,l-y]qxdnolin-6-one 
(1.8 g, 10.4 mmol) in dioxane (40 mL) and stir at room temperature for 3 hours. Partition 
the reaction mixture between ethyl acetate (200 mL) and IN sodium hydroxide (100 mL) 
with ice. Wash the organic phase with water (100 mL) and saturated aqueous sodium 
chloride. Dry over sodium sulfate and concentrate under reduced pressure. Subject the 
residue to chromatography, eluting with ethyl acetatemexanes (1 :1) to provide the tide 
compound (460 mg, 25.8 %) as a pale yellow solid. 
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Pneparation 181 

6-methyM t 5^hydro-6H-[l,4]diazepino[6 ,7,l-hi]indol-7-one and 7-methyl-4,5-dihydro- 

7H-[l,4]diazepino[3,2,l-hi]indol-6-one 
1^.4.5-tetrahvdro-6H-rL41diazepinor6,7 J-hilindol-7-one and L2A 5-tetrahvdbro-7H- 
5 n.41diazepinor3.2.1-hi1indol-6-one 

Add l,2,5,64etrahydropyiiolo[3,24-ij]quinolin-6-one (15.49 g, 89.43 mmol) to 
polyphosphoric acid (512 g) at 67-70 °C and stir vigorously. Add three portions of 
sodium azide (2.43 g (37.4 mmol), 2.42 g (37.2 mmol) and 2.42 g (37.2 mmol)) at 20 
minute intervals then heat to 90°C and stir for 3.5 hours. Pour into ice (51 1.6 g). Add, 

1 0 with cooling, 50 % aqueous sodium hydroxide (500 mL) 40 minutes. Extract with 

chloroform (3 x 500 mL). Wash the combined organic phases with water (500 mL) and 
saturated aqueous sodium chloride (500 mL). Dry over sodium sulfate and concentrate 
under reduced pressure. Subject the residue to chromatography (pre-packed silica gel), 
eiuting with a gradient: 98:2-97:3-96:4 chloroform/methanol to provide 1,2,4,5- 

15 teti^ydro-7H-[l,4]diazepino[3^,l-hi]indol-6-one (2.95 g, 18 %) and 1,2,4,5-tetrahydro- 
6H-[l,4]diazepino[6,7,l-hi]indol-7-one (11.51 g, 68 %) as beige solids. 



6>methvl-L2A5-tetrahvdro-6H-ri.41dia2CTinor6.7.1-M1indol-7-one 

Add sodium hydride (0.78 g, 1.9 mmol, 60% in mineral oil) to 1,2,4,5-tetrahydro- 

2 0 6H-[l,4]diazepino[6,7,l-hi]indol-7-one (3.05 g, 1.62 mmol) in dry dimethylformamide 
(77 mL). Stir for 30 minutes at room temperature and then add iodomethane (2.0 mL, 3.2 
mmol). Stir at room temperature for 134 minutes. Partition between ethyl acetate (1 L) 
and water (500 mL). Wash the organic phase with saturated aqueous sodium chloride, dry 
over sodium sulfate, and concentrate under reduced pressure. Subject the residue to 

25 chromatography (pre-packed silica gel), eiuting with a gradient 1:0-9:1 ethyl 

acetate/methanol to provide the desired compound (2.42 g, 74 %) as an off-white solid 



Oxidation 

Add DDQ (2.29 g, 1.01 mmol) to 6-methyl-l ,2,4,5-tetrahydro-6J^- 
3 0 [l,4]diazepino[6,7,l-W]indol-7-one (2.04 g, 1.01 mmol) in dioxane (19 mL) at 1 1°C. 
Stir at room temperature for 3 hours and 51 minutes. Partition between ethyl acetate 
(1000 mL) and 2N aqueous sodium hydroxide (500 mL) with ice. Wash die organic phase 
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with water (500 roL) and saturated aqueous sodium chloride (500 mL). Dry over sodium 
sulfate and concentrate under reduced pressure. Subject the residue to silica gel 
chromatography (pre-packed silica gel), eluting with ethyl acetate to provide 6-methyl- 
4,5-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-7-one (1.67 g, 84.7 %) as an off-white 
solid. 

Beginning with 1 A4^-tetrahydro-7H-[l,4]diazepino[3,2,l-hi]indol-6-one, 7- 
methyM,5-d^ydro-7H-[l,4]diazepino[3,2 f l-hi]indol-6-one may be prepared essentially 
as described above. 

The compounds of Preparations 182 -183 may be prepared essentially as 



described in Preparation 181. 



Preparatio 
n 


Compound 


Data 


182 


6-((2Kdimethylamino)eth-l-yl)-4^-dihydro-6H- 
[ 1 ,4]diazepino[6,7, l-hi]indol-7-one 




183 


6-((2-(hydroxy)eth-l-yl)-4 > 5-dihydro-6H- 
[1 ,4]diazepino[6,7 ,l-hi]indol-7-one 





The compounds of Examples 1-63 may be prepared essentially as described in 
Preparation 137. 



Example 


Compound 


Data 


1 


3^6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l- 
yl)-4-(l-meth)4-lH-indol^-yl)-2,5-dioxo-2,5- 
dihydropyrrole hydrochloride 


MS(ES):m/z = 431.0 
(MT-1) 


2 


3^6-(^-butoxy<MrtK)nyl>5,6-dihydro-6H-tl,4]di- 

azepino[6J4-m]ind^l-l-ylH4KlK3-hydroxyprop-l- 

yl)-lH-indol^yl)-2,5-dioxopyrrole 


MS(ES):m/z= 541.3 
(M++1) 


3 


3-(5,6^ybio^H-pyrrolo[3^4-ij]quinolin-l-yl)-4- 

(l-(3-hydroxyprop-l-yl)-lH-indol-4-yl)-2^- 

dioxopyrrole 


MS(ES): m/z = 426.1 
(M*+l) 


4 


3-(8-tert-butoxycarbonyl-[l ,5]diazoperhydroonino- 

[8,9,l-hi]indol-l-yl)-4-(benzofur-7-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 512.2 
(M*+l) 


5 


3-(6^(tm-butoxycarb<mylHJ^hydto-6H-[l,4]diaze- 
pino[6J4-W]ind^l-l-yl)-4-(4-methoxybenzonir-7-yl)- 
2,5-dioxopyrrole 


MS(ES): m/z = 514.1 


6 


3-(5,6^ydro^H-pyrrolo[3^4-ij]quinolin-l-yl>4- 
(benzofur-7-yl>2,5-dioxopyrrole 


MS(ES): m/z = 369.1 
(M++1) 


7 


3-<6-methanesulfonyl-5 ,6-dihydro-[ 1 ,4]diazepino- 

[6J4^]indol-7-yl>4-(benzofur-7-yl)-2^- 

dioxopycrole 


MS(ES): m/z = 462.09 
(MN-l) 
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1 8 


3^6Kt^-butoxycart)onyl)-5,6-dihydn>-6H-£l,4]di- 

azCDinoTfi 7 1 -hilinrlnl- 1 -.•ulV/'/l TwoAi-Mrtika« n rtfiT 

cLowpinu lu , / , x mjuiuui- 1 "/i^-\f j-meinoxyDcnzorur- 
7-yl)-2,5-dioxopyiiole 


MS(ES): m/z = 514.1 
(IVT+l) 


j 9 


3-f8-tert-butoxvcarbonvI-r 1 SlHia7onAt4i\/Hrru-*n;«i-k_ 

[8,9a-hi]indol-l-ylM<5-methoxybenzofur-7-yl)-2 f 5- 
dioxopycrole 


MS(ES): m/z = 542.1 
(M*+l) 


10 


3-(8-tert-butoxvcaibonvl- r 1 .5 Idiazonerh vHmnni no- 

[8,9J-hi]indol-l-yl)^t-(4-methoxybenzofur-7-yl)-2,5- 
dioxopyiTole 


M£>t±i6;: m/z = 542.1 
GVf+l) 


11 


3-(6,7-dihydro-6H-rh41diazeDino-rfi 7 i 

yl)-4-(5-fluon)ben2ofur-4-yl)-2,5-<iioxopyiTole 
hydrochloride 


Ma(J2J>): m/z = 401.9 
(M*+l) 


i 12 


3-(ri^ldiazODertivdrooninnr8 0 1 -hilinHnl i viv/i 
(isoquinolin-5-yl)-2,5-dioxopyrrole hydrochloride 


M&(ES): m/z = 401.9 
(M*+l) 


j 13 


3-f 8-tert-butoxvcarboTi vl - r 1 SlHi ^7^nprhvHfYwijn rt 

[8,94-hi]indol-l-ylH-(benzofur-4-yl)-2,5- 
dioxopym)le 


MS(ES): m/z = 512.1 
(M*+l) 


14 


3-(6-(tert-butoxvcarbonvl fi-fiihvrim-*?w ri /ii/iio^ 

pino[6J4-hi]indol-l-yl)-(4-(5-fluorobenzofur-7-yl)- 
2,5-dioxopyirole 


MS(ES): m/z = 502.1 
(M*+l) 


15 


3-(8-t^-butoxycarbonyl-[l,5]diazoperhydroonino- 
[8,94-hi]indol-l-yl)^(5-fluorobenzofur-7-yl)-2 f 5- 
dioxopyrrole 


MS(ES): m/z = 528.7 
(M--1) 


1 16 


3-(5,6-Dihydro^H-pyirolo[3 > 2J-ij]quiiio)in-l-yl)-4- 
(iinida2o[l^-a]pyridin-3-yI)-2,5-dioxopyrrole 


MS(ES): m/z = 369.2 

owr+i) 


17 


3-^5.6-Dihvdro-4H-Tjvrrri1r»r^ 9 1 _ii"l-niTinrVii« i >i 

5midazo[i;2-a]pyridin-5-y^ 

hydrochloride 


MS(ES): m/z = 369.1 
(M++1) 


18 


3-(5-oxo-6-propyl-5,6-dihydro-[l,4]diazepino[6,7 f l- 
hi]indol-7-yl) 3-(benzofur-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 440.2 
(KT+1) • 


19 


3-(ri^51diazODerhvdrooninor8 Q 1-hilinHnl-l viv^L/^ 

fluoro^methoxybenzofo^ 

hydrochloride 


Mo(JoS): m/z = 460 
CM*+1) 


20 

1 


3-rri.51diazoDeijjvdrMninnrR Q l-hilin^ol 1 \A\ a \ 

;4^-difluorobenzoftir-7-yl>2,5^oxopynole 
ydrochloride 


Mi>{bS): m/z = 448.2 
3^+1) 


21 


<[l,5]diaz*>pei%drooni^ 
uorobenzofur-7-yl)-2,5-dioxopyrrole hydrochloride 


vlSCES): m/z = 430.2 
TVf+1) 


22 : 
I t 


Ktl.5]diazoperhydKKmino[8,94-hi]indol-l-yl)^ 

5,6-difluorobeMote-7-yl>2,5^oxopyiTDle 

lydrochloride 


tfS(ES): m/z = 448.2 
M*+l) 


23 2 

( 
h 


K5,6-Dmydio^H-pynoto^^ 

6-fluorobeazofur-7-yl)-2,5-dioxopyiix)le 
lydrochloride 


*1S(ES): m/z = 402.1 
M*+l) 


24 3 

I £ 


^[l,5]cliazoperhydroonino[8,94-hi]indol-l-yi)^6- 1\ 
luorobenz»ftrr-7-yl)-2^-dioxopynole hydrochloride 


4S(ES): m/z = 430.2 
M*+l) 
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25 


3<6-(^-butoxyc^bonyl>5,6J f 8-tetrahydio-6H- 
[1 ,4]diazocino[7 f 8, l-hi]indol- 1 -ylM-CPuroP^- 
c]pyridin-7-y!)-2,5-dioxopyrrole 


MS(ES):m/z = 499.2 
(M*+l) 


26 


3^4^,6J-tetrahydioazepino[3^,l-hi]indol-l-yl)^- 

(furo[3,2-c]pyndin-7-yl)-2^-dioxopynDle 

hydrochloride 


MS(ES):m/z = 384.1 
(M*+l) 


27 


3^6-(t^-butoxycarboayl)-6,7-dihydro-6H- 

U,4Jcuazepinolo,74-hiJindol-l-yl^ 

2,5-dioxopynole 


HRMS: 484.1856 
(M+H) 


28 


SHCeKt^-butoxycarbonyl^jKlihydro^-Cl^ldiaze- 

pino[6,7,l-hi]indoH-yl)-4-(benzo[l,3]dioxol-5-yl)- 

2,5-dioxopyiTOle 


HRMS: 488.1813 
(M+H) 


29 


3-(6-{t^-butoxycarbonyl)^J-dihydio-6H-[l,4]di- 
azepino[6J4-W]indol-l-yl)-4-(2 t 3-dihydrobenzo- 
[1 ,4]dioxin-6-yl)-2,5-dioxopyirole 


HRMS: 502.1960 
(M+H) 


30 


3-(6-(tert-butoxvcarbonvlV6.7-dihydrQ>6H- 

[l,4]diazepino[6J,l-hi]indoH-yl)-4-{benzothien^- 

yl>2,5-dioxopyrrole 


HRMS: 500.1634 
(M+H) 


31 


3-(6-(tert-butoxycarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-y}>4-(2,3- 

dihydrobenzofur-7-yl)-2,5-dioxopyrrole 


HRMS: 486.2051 
(M+H) 


32 


3-(6-(tert-butoxycarbonyl>5,6-dihydro-6H-[l,4]diaze- 

pino[6J4-W]indol-l-yl)-^2,3-dihydrobenzoftir-4- 

yl)-2,5-dioxopyirole 


MS(ES):m/z = 486.1 
(M*+l) 


33 


3-(8-tert-butoxycarbonyl)-[l ,5]diazoperhydioonino- 
[8,94-hi]indol-l-yl)-4-(benzo[l,3]dioxol-4-yl)-2,5- 
dioxopynole 


HRMS: 538.1940 
(M+Na) 


34 


3-(8-tert-butoxycarbonyl)-[l,5]diazoperiiydroonino- 
8,94-hi]indol-l-yl)^(23-dihydrobenzofur-7-yl)- 
2,5-dioxopyrrole 


HRMS: 514.2341 
(M+H) 


35 - 


3-(9-methyl-6Kt^-butoxycarbonyl)-6,7-dihydro-6H- 

l/^diazepino[6JJ-hi]in<M^ 

2^-dioxopycrole 


MS(ES): m/z = 496.3 
(MM) 


36 


3K5,6-DihydKMH-pyriX)lo[3^a-ij]quinolin-l-ji>^ 
v^nieinoxyDenzorur- /-yi / )-/,j-<iioxopyrrole 


HRMS: 399.1355 

/■» jr , T"T\ 

M+H) 


37 


3^5,6-Dihydro^H-pynx)lo[3^4-ij]quinoliii-l-yl)-4- 
C5-methoxybenzofur-7-yl)-2,5-dioxopyirole 


HRMS: 399.1347 
(M+H) 


38 


3-(5,6-DihydrcMtH-pyirolo[3^,l-ij]quinoIiii-l-yl>4- 
((3-hydroxypropoxy)benzofur-7-yl>-2,5-dioxopyiiole 


MS(ES):m/z = 
443.2 (M++1) 


39 


3-(6-(tert-butoxycaibonyl)-6,7-dihydro-6H- 

l,4]diazepino[6,7,l-hi]indol-l-yl>4-(6-methoxy- 

benzofur-7-yl>2,5-dioxopyrrole 


MS(ES):m/z = 

514.2 <M*+1) | 


40 


3-(6-(tert-butoxycarbbnyl>6,7-dihydrc>-6H- 

l,4]diazepino[6,7,l^ii]indol-l-yl>4-{2^-difluoro- 

benzo[l,3]dioxol-4-yl)-2,5-dioxopynole 


MS(ES):m/z = 
373.6 (M*+l) 
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41 


3-(6-(tet-butoxycarbonyl)-6 f 7-dihydn>6H- 

[l^ld^azepinoCej.l-hilindol-l-yO-^thienoP^-b]- 

pyridin-7-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 
501.2(^+1) 


42 


3-(8-t^-butoxycarbon>1)-[l,5]dia2opeihydn)onino- 

[8,9,l-hi]indol-l-yl)-4-(thieno[3^-b]pyridin-7-yl)-2,5- 

uioxopyrroie 


MS(ES): m/z = 
529.2 (M++1) 


43 


3-(4,5,6J-teti^ydroazepino[3,2a-hi]indol-l-y])-4- 
^z,o-aLnyaroDenzo[ i ,4 j cuoxin-o-yi j-z, j-dioxopyrrole 


MS(ES):m/z = 
401.1 (MtI) 


44 


3-(4 t 5,6,7-tetrahydroazepino[3^,l-hi]indol-l-yl>4- 
(beaizo[l ,3]dioxoI-5-yl)-2,5-dioxopYrrole 


MS(ES):m/z = 
387.2(1^+1) 


40 


3-(4,3,o,7-tetranydroazepmo[3Al-^^ 
(benzofl ,3]dioxol-4-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 
387.2 (M++1) 


46 


3-(4,5,6J-tetrahydroazepino[3 > 2,l-hi]indol-l-yl>4- 
(benzofiir-4-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 
383.1 (M*+l) 


47 


3-(4,5,6J-tetrahydix)azepino[3^4-hi]indol-l-yl)-4- 
(benzofur-7-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 

383.1 (M++1) [ 


48 


3-(4,5,6J-teti^ydroazepiiio[3,2,l-hi]indol-l-yl>4- 
(1 ,3-d^ydboisobenzoftu--5-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 
385.1 (NT+1) 


49 


3-(6-ftm-butoxvcaibonylV6.7-dihydro-6H> 

[l,4]diazqnno[6,7,l-hi]indol-l-yl)-4-(l,3-dihydro- 

isobenzofur-5-yl>2,5-dioxopyirole 


MS(ES): m/z = 
431 (MVl-G-Bu)) 


50 


3- (6-(tot-butoxycarbonyl>6,7-dihydio-6H- 
[l,4]chazepino[6,7 9 l-hi]indol-l-yl>4-(benzimidazol- 

4- yl)-2,5-dioxopyrrole 


MS(ES): m/z = 
482.1 (M*+l) 


51 


3-(6,7-dihydro-6H-[l,4]diazepino[6 f 7 f l-hi]indol-l- 

yl>4-(pyrazolo[23-a]pyndin-3-yl>2,5^oxopyrrole 

hydrochloride 


MS(ES): m/z = 
384.2 (M*+l) 


52 


3-(6-(t^-butoxycarbonyl>6J-dihydro-6H-[l,4]di- 
azepino[6,7,l-hi]uidol-l-yl)-4-(2,3-<iihydroben2o- 
1 ,4]dfoxin-5-yl)-2,5-dioxopym>le 


HRMS: m/z- 
502.1983 (M+H) 


53 


3-(6-(^-butoxycaibonyl)-9-fluon^ 

1 ,4]diazepino[6 ,7, l-hi]indol- l-yl)-4-(benzofiir-7-yl)- 

2,5-dioxopycrole 


MS(ES): m/z = 502.2 
(M*+l) 


54 


3-(6-(^-butoxycarbonyl)-7-methyl^J^ydio-6H- 
1 ,4] diazepino [6,7, 1 -hi]indol- 1 -yl)-4-(benzo- 
1 ,3]dioxol-4-yl}-2,5-dioxopyrrole 


HRMS: m/z = 
502.1983 (M+H) 


3D 


j-\j,o, / ,o -tetranyaro-ori- [ l ,4 J diazocino [7 > o , 1 -hi Jin- 
dol-l-yl)^(4-(dimethylamin^^ 
yl^S-dioxopyrrole dihydrochloride 


MS(ES): m/z = 442.2 
(M*+l) 


56 


3-(7-methyl-6,7-dihydix>^ 
hi]indol-l-yl)-4-(fiiro[3^^ 
dioxopyrrole dihydrochloride 


MS(ES): m/z = 399.1 
T^+l) 


57 


3-(6-methanesulfonyl-6,7-dihydro-6H- 
l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iinidazo[l^- 
b]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
t62.1245 (M+H) 


58 


3-(7-methyl-6-oxa-4^-dihydro-3-azabenzo[cd]azulen- 
l-yl)^inndazo[l^a]pyricUn-^ 


3RMS:m/z = 
J99.1431 (M+H) 
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59 


3-(l^xo-2-methyl-6,7-dihydn>-6H-[l,4]diazepinc>- 
[6J,l-hi]indol-l-yl)^(pyrazolo[l,5-a]pyridin-3-yl)- 
2,5-dioxopyrrole hydrochloride 


HRMS: m/z = 
412.1431 (M+H) 


60 


3-(6-oxo-7-methyl-6,7-dihydro-7H-[l ,5]diazepino- 
[6JJ-hi]indol-l-yl)^(imidazo[l^-a]pyridin-3-yl> 
2,5-dioxopyrrole hydrochloride 


HRMS: m/z = 
412.1434 (M+H) 


61 


3^1-oxo-2-(2-hydroxyeth-l-yl)^jKlihydro-6H- 
[l,4]diazepino[6J,l-W]indol-l-yl)-4-(imidazo[l^- 
a]pyridin-3-yl>-2,5-dioxopyiTole hydrochloride 


HRMS: m/z = 
442.1509 (M+H) 


62 


3-(l^xo-2-(2-(dimethylamino)eth-l-yl)-6,7-dihydn>- 
6H-[1 ,4]diazepino[6,7,l-hi]indol-l-yl)^ 
(imidazo[l ^-alpyridin-S-yl^^dioxopyrrole 
hydrochloride 


HRMS: m/z = 
469.1993 (M+H) 


63 


3-(6-oxo-5,6-dihydro^H-pyrrolo[3^,l-ij]quinolin-l- 
yl)-4-(imidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
383.1144 (M+H) 



EXAMPLE 64 

3-([l,5]diazoperhydrooiuno[8,9,l-hi]indol-l^ 

dioxopyrrole dihydrochloride 
5 Add ethanethiol (l.Og, 31.2 mmol) to a flask containing 3-(8-tert-butoxycarbonyl- 

[l,5]diazoperhydioonino[8,9 > l~hi]indol-l-yl)^(iniidazo[l^-a]p^ 
pyrrole (0.95 g, 1.86 mmol). Add 4N HC1 in dioxane (10 ml, 40 mmol) to the flask and 
stir for 12 hours. Filter the resulting solid and wash with an appropriate solvent 
(appropriate solvents include ethyl acetate, diethyl ether, and dioxane). Dry the solid 
10 under high vacuum at 45°C to give the title compound as a bright orange solid (0.83 g, 
92%). 

MS(ES): m/z = 412.2(M*+1) 

The hydrochloride salt may be converted to the free base by dissolving the salt in 
methanol, passing the solution through a Van an® BondElut™ SCX column, eluting the 
1 5 column with 2 molar ammonia in methanol and concentrating under reduced pressure. 

The compounds of EXAMPLES 65-146 are prepared essentially as described in 



EXAMPLE 64. 



Example 


Compound 


Data 


65 


3<6,7-dmydro-6H-[l,4]diazepino[6,7,l-hilindol-l-yl)- 

4-(H3-hydroxyprop-l-yl)-lH-indol-4-)d>-2,5- 

dioxopyrrole 


'H-NMR* 


66 


3-([l,5]chazoperhydroonino[8,9,l-hi]indol-l-yl>4- 
(benzofur-7-yl)-2 t 5-dioxopyrrole hydrochloride 


MS(ES): m/z = 412.1 
(M++1) 
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67 


3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]indo]-l-yl>- 
4^(4-methoxybenzofur-7-yl>2,5-dioxopyrrole 


MS(ES):m/z = 414.2 
(M*+l) 


68 


3K6jKbhydro-6H-[l,4]diazepino[6,7,l-hi]mdol-l--yl)- 
4-(benzofur-7-yl)-2,5-dioxopynole hydrochloride 


MS(ES): m/z = 383.9 
(M++1) 


69 


3- (6J-dmydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)- 

4- (5-methoxybenzonir-7-yl)-2,5Hjioxopyrrole 
hydrochloride 


MS(ES): m/z = 413.9 

(M*+i) 


70 


3-([l,5]diazopeniydroonino[8,9,l-hi]indol-l-yl)-4-(5- 
methoxybenzofur-7-yl>2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 442.0 
(MVl) 


71 


3-([l,5]diazoperhydroonino[8,9,l-hi]indol-l-yl)-4-(4- 
methoxybenzofi3r-7-yl)-2 > 5-dioxopynole hydiochlonde 


MS(ES): m/z = 442.0 
(MVl) 


72 


3-([l,5]diazoperhydroonino[8,9,l-hi]indol-l-j4)-4- 
(benzofur-4-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 412.1 
<M*+1) 


73 


3-(6,7-dihydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l- 

yl)-4-(4-fluorobenzofur-7-yl)-2,5-dioxopynole 

hydrochloride 


MS(ES): m/z = 402.1 
(M^+l) 


74 


3K6J-dihydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l- 
yl)-4^4,5-difluorobenzofur-7-yl)-2,5Klioxopynole 


MS(BS): m/z = 420.1 
(WT+1) 


75 


3-([l,5]diazoperhydroonino[8,9,l-hi]indoH-yl)-4-(l- 
(3 -hydroxypnopyl)- 1 H-indol-4-yl>2,5-dioxopyrrole 
hydrochloride 


MS(ES): m/z =469.3 
(Nf+1) 


76 


H6JKimydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l- 
yl)-4-(4-fluoro-5-methoxybenzofur-7-yl>2 > 5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 432.2 
(M++1) 


77 


S^tl.SldiazoperhydrooninotS^.l-hilindol-l-ylH-CS- 
fluorobenzoto-7~yl)-2,5-ddoxopyrrole hydrochloride 


MS(ES): m/z = 430.2 
(M*+l) 


78 


3-(6,7^ydro-6H-[l,4]diazepino-[6,74-hi]indol-l- 
yl)^imidazo[l,2-a]pyridin-3-yl)-2,5^oxopyrrole 
dihydrochloride 


MS(ES): m/z = 384.2 
(MVl) 


79 1 


3K[l,5]diazoperhydroonino[8,94-hi]indol-l-ylH-(l- 
methyl-lH-indol^-yl)~2,5-dioxopynole hydrochloride 


MS(BS): m/z = 425.3 
(M*+l) 


SO 


3K[l^]dia2»perhydroonino[8,9,l-hi]indol-l-yl>4- 
(5 ,6^fluorobenzofur-7-yl)-2,5-dioxopyrrole 
hydrochloride 


MS(ES): m/z = 420.2 
l^+l) 


81 


3- (o t 7-ainyaro-oH-[ 1 ,4Jdiazepino[6,7, 1 -hijindol- 1 -yl> 

4- (3-furo[3^]pyridin-7-yl>2,5^oxopyrrole 

di h vdrochl ori de 


MS(ES): m/z = 385.1 
(M*+l) 


82 


3^[l,5]diaz»perhydroonino[8 1 94-hi]indol-l-yl)-4- 

(furo[3^]pyridin-7-yl)-2,5^oxopynole 

dihydrochloride 


MSCES): m/z = 413.2 
CM*+1) 


83 


3K[l,7]*azop^ydroonino[8,94-hi]indol-l.yl)-4- 

(fuioP^]pyridin-7-yl)-2^-dioxopyrrole 

dihydrochloride 


MS(ES): m/z = 413.2 
(M*+l) 


84 


3K6J^ydro-6H-[l,4]dia2^no[6ja-hi]indol-l-yl> 
4^enzofur-7->d)-2^-dioxopyrrole 


HRMS: 384.1348 
(M+H) 


85 


3K6J^ydro-6H.[l,4]dia2epino[6,7,l-hi]indol.l-yl> 
4-(bemofur-4-^1)-2,5-dioxopyrrole 


HRMS: 384.1344 
M+H) 
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87 



88 



-93- 



3<6J^hydro-6H-[l,4]diazepino[6,7,l-hi]iiidol-l-yl)- 



3- (6J^ydix>^.[l,4]dia2epino[6,7,l-hi]indol-l-yl)- 

4- (23^ydrobenzori,41dioxin^yl>-2,5Kiioxopvirole 



3K6,7-dihydro^41/qdiazepino^ 
4-(benzothien-7-yl>>2 > SKiioxopYm)le 



HRMS: 388.1294 
(M+H) 



HRMS: 402.1447 
(M+H) 



HRMS: 400.1118 
(M+H) 



89 



3-(6J-dmydro^H-[l,4]diazepino[6J4-hi]indol-l-y^ 
k-Cbcnzofl^ldioxoM-yQ^^-dioxopyrrole 



HRMS: 388.1298 
(M+H) 



90 



91 



|3-(6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl> 
4>(benzotfaien-4-yl)-2,5-dioxopynole 



HRMS: 400.1142 
(M+H) 



3<6jKJihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl> (HRMS: 386.1497 
j4^2,3KiihydiiobcnzQftir-7-yl)-2,5-dioxopycrole |(M+H) 



92 



93 



|3-(6J-dmydro-6H-[l,4]diazepino[6J4-hi]iiidol-l-yl> HRMS: 386.1519 
j^p^^ydmbenzofur^-yD-^SKHoxopyrrole (M+H) 



|3^[l^]diazoperhydbx)onino[8,9J-hi]in(tol-l-yl)-4- 
(benzori^ldioxol^-yl^^-dioxopyirole 



HRMS: 416.1602 
1(M+H) 



94 |3-([l,5]di^operfiydroonino[8,94-hi]indol-l-yl)^- 
(23-<iihydrobeDzofur-7-yl)-2,S-dioxopynDle 

95 3-(5,6J,8-teti^ydiD-6H^[l,4]diazociiio[7,8a-^ 
l~yl)-4-(benzofur-7--yl)-2 > 5Kiioxopyrrole 



(M+H) 



; 414.1823 



96 |3-(5,6J,8-tettahydro-6H^^ 

l-yO^Q^nzoEl^Jdioxol^y^^-dioxopyrrole 



HRMS: 398.1500 
|(M+H) 



97 |3^5,6J,8-teti^ydro^-[l,4]diazocino[7,8,l-hi]indol 
l-yl)^(5-fluorobenzofur-7-yl)-2,5-dioxopYnx)le 



|(M+H) 



; 402.1454 



98 |3-(5^7,8-tetrahydro-6H^l^ 

1 -yl>4-(2,3-ciihydrobenzofur-7-yl)-2^5-dioxopyirole 



HRMS: 416.1408 
|(M+H) 



99 3-(9-methyI-6J^IihydiD-6H-[l,4]dia2epinoI6,7,l 
M]indol-l-yl)^(benzofi^ 



|HRMS: 400.1675 
(M+H) 



100 3-(6J-dihydm-6H-[l,4]diazepino[6JJ.hi]indoI-l-yl)- 
4-(4^3-(diethylamino)propoxy)^^ 
dioxopyrrole 



MS(ES): m/z = 398.3 

(qvr+i) 



tS(ES): m/z = 513.3 
|(M++1) 



101 P-([l,7]diazopertydroonmo^ 

[(benzofur-7-yl>2,5^oxopym)le 



103 



104 



5(ES): m/z = 412.2 
|(MT+1) 



3K[l,7]diazoperhydro(^o[8^a-M]mdol-l-yl)-4- (HRMS: m/z = 
102 (Sje-^fluorobenzofiir^-y^.S-dioxopynoIe |448.1493 
hydrochloride 



|3-([lJ]diazopeihydioonino[8^ > l-hi]indol-l-yl)^5" (HRMS: m/z = 
fluoiX)bcnzofur-7-yl)~2,5-dioxopyirole hydrochloride |430.1582 



|3K[l,7]<ftazopeihydioonino[8,9r^^ 
1 fluorobenzofur-7-yl)-2,5-dioxopynx)le hydrochloride 



IS(ES): m/z = 430.2 



3-(6 J^ydn>-6H-[l f 4]diazepino.[6,7 > l-hi]indol.l. (MS(ES): m/z . 
105 ylM-(isoquinoUn-5-yl)-2^-dioxopyirole 395.2 (M++1) 

Idihydrochloride 



106 3-([l,7]diazopeihydroonino[8,9,l-hiJindol-l-yl>4- |MS(ES): m/z - 
(inndaz»[l^-a]pyridin-3-jd)-2,5-dioxopym)le W12.2 (M*+l) 

hydrochloride 
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107 


3-([l,6]dia2»peihydroomM^ 

(imidazo[l,2-a]pyridin-3-y^ 

hydrochloride 


MS(ES): m/z = 412.2 
(M++1) 


108 


3- (6J^iihydKMJH-[l,4]diazepino[6,7,l«hi]indol-l-yl>. 

4- (2 > 2-difluorobenzo[l,3]dioxol-4-yl)-2 t 5-dioxopyrrole 


MS(ES):m/z = 424.1 
(MVl) 


109 


3-([l,5]diazopeihydroonino[8,9,l-hi]indol-l-yl>4- 

(tWeno[3,2-b]pyridin-7-yl>2,5-dioxopynole 

hydrochloride 


MS(ES):m/z = 429.1 
(M*+l) 


110 


3- (6J-dihyd^6H-[l,4]diazepino[6,7 J l-hi]indol.l-yl)- 

4- (13^hydtoisobenzofiir-5-yl)-2,5-dioxopyrroIe 


MS(ES): m/z = 386.7 
(NT+1) 


111 


3- (6J-dmydro-6H-[l,4]diazepino[6,7,l-hi]indo!-l-yl> 

4- (benzimidazoM-yl)-2^-<BoxopyiTOle 


MSCES): m/z = 384 0 

(wr+i) 


112 


3-(5-methyl-6,7-dihydro-6H-[l,4]diazepino[6,7 s l- 

W]indol-l-ylH-(benzofur-7-yl)-2,5-dioxopyTO 

hydrochloride 


MS(ES): m/z = 398.2 
(MM) 


113 


3- (6J-dihydro-6H-[l,4]diaz^ 

4- (5,6/7,8-tetrahydroimito^ 
dioxopyrrole dihydrochloride 


gvr+i) 


114 


3-(5,6J,8-teti^ydro^-[l,4]diazocino[7,84-hi]indol- 

l-yl>^(imidazo[l^a]pyridin-3-yl)-2,5-dioxopynx»le 

dihydrochloride 


MSH3SV m/7 = 39R 7 
(M++1) 


115 


3- (6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]indo]-l--yl> 

4- (23-dihydtobenzo[l,4]dioxin-5-yl>2^-^oxopyrrole 
hydrochloride 


HRMS:m/z = 
402.1438 (M++H) 


116 


3-(9-fluoro-6,7"dihydro-6H-[l > 4]dia2epino[6 t 7,l-hi]- 
indol-1 -y]>4-(benzofiir-7-yl>2,5-dioxopynx)le 


MS(ES): m/z = 402.1 


117 


S-CS^J.S-tetiahydro^-tl^JcUazodno^.SJ-hilindol- 
-yl)^(f^[3,2^]pyridin-7-yl>2^-dioxopynoIe 
dihydrochloride 


MS(ES): m/z = 510.2 
(M*+l) 


118 


3^7-methyl-6J-dihydro-6H-[l,4]dia2epino[6 > 7 > l-hi]- 
indol-l-yl>4-(benzo[l 3]dioxol-4-yl)-2,5-dioxopyrrole 


HRMS:m/z = 
402.1460 (M*+H) 


119 


3-(7-methyl-6 f 7^1ihydro-6H-[l,4]dia2epino[6,7,l- 
hi]in-dol-l-yl)-4-(iniida2o[l s 2-a]pyridin-3-yl>2,5- 
dioxopyrrole 


398.1605 (M*+H) 


120 


S-Cll^diazoperhydrocminotS^.l-hilindol-l-ylH- 
Cthieno [3 ,2-b] pyridin-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 429.1 
[M++1) 


121 


3-{6,7-dihydro-6H-[l ,4]diazepino[6 J4-W]indol-l-yl> 

H5-fluoroben2ofur-7-yl>2,5-dioxopyin)le 

hydrochloride 


MS(ES): m/z = 402.2 
MN-l) 


122 

< 


3K5,6J,84etrahydro^-[l,4]d^ 
-yl)^furo[3,2^]pyridin-7^^ 
dihydrochloride 


V1S0BS): m/z = 399.1 
M*+D 


123 2 


HK(pipOTdin-4-yI)^^ 

izepino[6JJ-hi]indol-l-yl)^(furo[3,2-c]pyridin-7- 
fl>2,5-<iioxopyrrole dihydrochloride 


vfS(ES): m/z = 496.2 
M*+l) 
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124 


3- (6J-dmydn>^-[l,4]dia2epino[6J4-hi]indol-l-yl^ 

4- (6-fluoroimidazo[l ,2-a]pyridin-3-yl)-2,5- 
dioxopyirole dihydrochloride 


MS(ES):m/z = 402.1 
(M++1) 


125 


3- (6J-dihydro^H-tl,4]diazepino[6J4-hi]indol-l-yl)- 

4- (8-aminoimidazo[l£-a]pyridin-3-yl)-2 r 5- 
dioxopynole dihydrochloride 


MS(ES):m/z = 398.4 
(M*+l) 


126 


3<6J^lihydro-6H-[l,41diazepino[6,7,l-hi]indol-l-yl)- 
4-(6-trifluoromethylimidazo[l ,2-a]pyridiii-3-yl)-2,5- 
dioxopyrrole dihydrochloride 


MS(ES):m/z = 451.9 
(M++1) 


127 


3- (6J^ydn>-6H-[l,4]diazepino[6,7,l-hi]inclol-l-yl)- 

4- (6-me(hyl-8-bromoimidazoh,2-a]pyridin-3-yl>-2,5- 
dioxopyrrole dihydrochloride 


MS(ES):m/z = 476.0 
(M*+l) 


128- 


3- (6J^ydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)- 

4- (imidazo[l,2-a]pyrazin-3-yl)-2,5-dioxopym)le 
dihydrochloride 


MS(ES):m/z= 385.1 
(M*+l) 


129 


3- (6jKiihydro-6H-[l > 4]diazepino[6,7 f l-hi]indol.l-yl)- 

4- (imidazo[l,2-b]pyridazin-3-yl>2,5-dioxopyrrole 
dihydrochloride 


MSCES):m/z = 385.1 

(m++d 


130 


3-(9-fluorc^J-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 
indol-l-ylH-(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxo- 
pyrrole hydrochloride 


MS(ES):m/z = 402.1 
(M*+l) 


131 


3-(9-fluorcn6jKiihydro-6H-[l,4]diazepino[6,7,l-hi]- 
indol-l-yl)^(6-fluon)iiEidazo[l,2-a]pyridin-3-yl)-2,5- 
dioxo-pyirole hydrochloride 


MS(ES):m/z = 420.0 
(M*+l) 


132 


3- (6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l.yl)- 

4- (8-fluoioimidazo[l ^-afcyridin-S-yl^^-dioxo- 
pyrrole 


MS(ES):m/z = 402.1 
(M*+l) 


133 


3- (6J-dmydro-6H-[l,4]<Uazepiiio[6,7 f l-hi]indol-l-yl)- 

4- (7-chloroiinidazo[l £-a]pyridin-3-yl)-2,5-dioxo- 
pynole 


MS(ES):m/z = 417.9 
(fcT+1) 


134 


3<9-fluoro-6 f 7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 

mdol-l-yl)^7^Woroiinidazo[l^-a]pyri(iin-3-yl>-2,5- 

dioxopyrrole 


MS(ES):m/z = 436.1 
(M++1) 


135 


3-(9-fluoio^J-<Miydro-€H-[l^ 
indol-l-yl)-4<7-cMoroiniid^ 
dioxopyrrole dihydrochloride 


MS(ES):m/z = 435.9 
(M++1) 


136 


3-(6J-dihydm-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)- ] 
H8-methoxyimddazo[l^a]pyridin-3-yl)-2 > 5-dioxo- 
pyrrole dihydrochloride 


MS(ES): mix = 414.0 
£M*+1) 


137 

1 

< 


;-)-3<7-methyl-6 J^ydro-6H-[l ,4]diazepino[6,7,l- ] 
ii]indol-l-yl)^(imidazo[l^a]pyridin-3-yl)-2,5- : 
lioxopyrrole 


BRMS:m/z = 
398.1622 OM^+l) 


138 ( 
I 
( 


;+>3^-methyWJ^ydn>^H-[l,4]diazepino[6 f 7,l- ] 
ii]indol-l-yl)-4-(imidazo[l £-a]pyridin-3-yl)-2,5- • 
lioxopyrrole 


3RMS: m/z = 
598.1637 (M++1) 
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139 


(-)-3-(7-methyl-6J^ydio-6H-[l,4]diazepino[6,7,l- 

hi]indol~l-yl)^7<hloroimida2o[l^-a]pyridin-3-yl)- 
2,5-dioxopyrrole 


HRMS: m/z = 
432.1218 (M++1) 


140 


(+)-3-(7-metfayl^J-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)^(7^moroimidazo[l,2-a]pyridin-3-yI)- 
2,5-dioxopym)Ie 


HRMS: m/z = 
432.1209 (M++1) 


141 


«-3-(7-methyl-6J-dihydro^ 

W]indol-l-yl)^(6-meth^ 

2,5-dioxopyrrole 


HRMS: m/z = 
412.1782 (M++1) 


142 


3- (6J-dihydro-6H-[l,4]diazepino[6J4-hi]indol-l-yl> 

4- (imida2o[l^-a]pyrimidin-3-yl)-2,5-dioxopynole 
hydrochloride 


MS(ES): m/z = 385.1 
(M++1) 


143 


3- (6J^ydm-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)- 

4- (6-methoxyimidazo[l^-a]pyrimidin-3-yl)-2,5- 
dioxoovrrole hvdmchlnriHe 


MS(ES): m/z = 414 
(M++1) 


144 


3- t6j-dmydro-6H.[l,4]diazepino[6J4-hi]indol-l-yl) 

4- (7-ethylimidazo[l ^-a]pyrimidin-3-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES):m/z = 412 
(MVl) 


145 


3- (6J-dihydrch6H-tl,4]diazepino[6,7 f l-hi]indol-l-yl)- 

4- (4,5,6J-tetrahydiopyrazolo[l,5-a]pyridin-3-yl>2,5- 
dioxopytrole hydrochloride 


HRMS: m/z = 
388.1773 (M*+l) 


146 


3-(6jKlihydro-6H-[l,4]diazepino[6,7 f l-hi]indol-l-yl)- 
H8-chloroimidazo[ 1 >2-a]pyridin-3-yl)-2,5- 
iioxopyrrole dihydrochloride 


HRMS: m/z = 
118.1071 (M++1) 



„ ™ „ ~,\ "—v». "V. /.^JV», in^, /.J\U,J = 011Z, JUtlJ, /.l-/.18(m, 

2H) 7.04(d, J = 7 Hz, 1H), 6.8 (d, J = 7Hz, 1H), 6.3 (dd, J = 7, <1 Hz, 1H), 6.0 (li 2H), 
3^2^ 

The compounds of EXAMPLES 147-152 may be prepared essentially as described 
m EXAMPLE 64 except that the addition of ethanethiol is omitted. 



Example 


Compound 


Data 


147 


3-(6-(3-(an±io)propionyl)-6J^ydro-6H-[l,4]diaze- 
pino[6JJ-m]indol-l-yl)^imidazotl^-a]pyridin-3- 
yl>2,5-dioxopyrrole dihydrochloride 


MS(ES): m/z = 455 
(M++1) 


148 


3-(6-<2-(amino)-2-(me^ 

[l,4]dia2»pino[6Ja-hi]indol-l.yl)^imidazo[l,2-a]- 
pyridin-3-yl>2,5-dioxopyrrole dihydrochloride 


MS(ES):m/z = 469 
(M*+l) 


149 


R-3-(6-(2-(aniino>3-(methoxy)propion>1)-6,7-dihydro- 
6H-[l,4]dlazepioo[674-hi]indol-l-)iH-(imidazo[l^- 
aJ-pyridin-S-yl^.SKlioxopyrrole dihydrochloride 


MS(ES):m/z = 485 
(M++1) 


150 


3-<9-fluoro^J-dihydro^-[l f 4]diazepino[6Ja-W]- 
indol-l-yl>4^6-methylimidazo[l^a]pyridin-3-yl)- 
2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 
(M*+l) 
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151 


3-{9-fluoio-6,7-dihydn>-6H-[l,4]diazepino[6,7,l-hi]- 
indol-l-yl)^(7-niethoxyimidazo[l^-a]pyridin-3-yl)- 
2,5-dioxopycrole hydrochloride 


MS(ES): m/z = 
(M++1) 


152 


3-(6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]-indol-l- 
yl>^(7-methoxyiniidazo[l,2-a]pyridin-3-yl)-2,5- 
dioxopynole hydrochloride 


MS(ES):m/z = 
(M++1) 



EXAMPLE 153 

3-(5,6-dmydro-lH-pyi^ 

dihydio-lH-indole 

Add trifluoroacetic acid (250jiL) to 3-(5-(tCTt-butoxycarbonyl).5,6-dihydro- 
lH-pynx)Io-[3,2J-ij]quina2X)lin-l-yl)^(isoquinolin-5-yl)-^ 

indole (0.400 g, 0.830 mmol) in dichloromethane (5 mL) and stir the reaction mixture 
at room temperature for 4 hours. Dilute the reaction with 300 mL dichloromethane 
and carefully quench with saturated sodium bicarbonate solution (200 mL). Separate 
the phases and wash the organic phase sequentially with water (1 x 75 mL) and 
saturated aqueous sodium chloride (1 x 75 mL), dry over anhydrous magnesium 
sulfate, and concentrate under reduced pressure to provide the title compound 
MS(ES): m/z = 383.1(M++1) 



The compound of Example 154 may be prepared essentially as described in 
Example 153. 



Example 


Compound 


Data 


154 


3-(6,7Hlihydix)-6H-[l,4]diazepino[6,7,l-hi]indol-l- 

yl>4K6-chloroiinidazo[l^-a]pyiidin-3-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 418 
(M*+l) 



EXAMPI£155 

3-(5,6-dftydroxy-[l,5]diazape^ 

dioxopyrrole 

Beginning with methyl (5,6-(2^-dimethyl-[l,3]dioxolanylV8-(tert-butoxv- 
carbonylHl,5]diazape±ydrooi^ and 2-(benzofur-7- 

yl)acetamide, 3-(5,6<2^-dimethyl-[13]dioxolanyl>8-(^-butoxy<arbonyl> 
[l,5]diazaperhydroonmo[8,9,l-hi]^ is 
prepared essentially as described in Preparation 120. This material is treated with 
trifluoroacetic acid as described in EXAMPLE 117 to provide the title compound. 
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MS(ES): m/z = 444(M*+H) 

EXAMPLE 156 
3<6,7^hydro^-[l,4]diazepino[6,7,l-l^^ 
5 Add aluminum chloride (0.014 g, 0. 1 mmol) to a flask containing 3-(6-(tert- 

butoxycarbonyl>6,7-dihydio-6H41,4]diaz£pin^ 

dioxopyrrole (0.05, 0.1 mmol) in methylene chloride (25 ml). Quench the reaction with 
saturated aqueous sodium bicarbonate, extract into ethyl acetate, wash combined organic 
layers with saturated aqueous sodium chloride, dry over magnesium sulfate, and 
1 0 . concentrate under reduced pressure. Chromatograph on flash silica using a gradient from 
neat ethyl acetate to 10% methanol: ethyl acetate to obtain the title compound as an 
orange solid (10 mg, 26%). 
MS(ES): m/z = 383.0 (M*+l) 

15 EXAMPLE 157 

3-(6-methyl-5,6,7,8-tetrahy^ 

yl)-2,5-dioxopyrrole 
Add 3<5,6,7,8-tetrabydn>^-[l,4]d 
7-yl>2,5-dioxopyrrole (140 mg, 0.35 mmol), paraformaldehyde (264 mg, 8.8 mmol), 

2 0 potassium acetate (104 mg, 1 .0 mmol), sodium cyanoborohydride (220 mg, 3.5 
mmol), and glacial acetic acid (1.5 mL) to 2-methoxyethanol (13.5 mL). Stir and 
slowly heat to reflux under nitrogen. After 30 minutes dilute with 1:1 diethyl 
ethenethyl acetate. Wash sequentially with aqueous 0.5 molar sodium hydrogen 
carbonate and distilled water, and pass the organic phase through a Van an® 

25 BondElut™ SCX column. Rinse the column with absolute methanol. Elutewith2M 
ammonia in methanol, concentrate under reduced pressure, filter, rinse the solid with 
cold methanol and dry under reduced pressure to provide the title compound as an 
orange solid (115 mg, 79%). 
HRMS: 412.1663 (M+H). 
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The compounds of EXAMPLES 158-237 may be prepared essentially as described 
in EXAMPLE 157. 



1 Examph 


5 Compound 


Data 1 


158 


3-(6-methyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-yl)-4-(benzofur-7-vlV2.5-HioxnnvrTni < . 


MS(ES): m/z = 398.1 
Ai+i i \ 


159 


S-CS-methyl-tl^diazoperbycfroomnotS^.l-hilmdol- 
l-yl)^(imidazo[l^alDvridin-3-yl)-2.5-dioxopvrrol ft 


MS(ES): m/z = 426.2 
(M++1) 1 


160 


3-(8-methyI-[l,5]diazoperhydioonino[8,9,l-hilindol- 

l-ylH-(benzofur~7-yl)-2,5-dioxopyirole 

hydrochloride 


X/lCfOCV m/<-r /in/Z 1 

LYLOyiioj. m/Z = 4Z0.2 I 

(M*+l) 1 


j 161 


3-(6-me%l^jKlihydix)-6H-[l > 4]diazepino[6,7,l.hi]- 

mdol-l-yl)-^imida2o[l,2-a]pyridin-3-yl)-2,5- 

dioxopynole 


MS(ES): m/z = 398.2 
CM*+1) j 


162 


3-(6-methyl-6,7-dihydro-6H-[l ^jdiazepinoEe,?,!-!!!]- 

indol-l-yl>4-(5-fluorobenzofur-7-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 416.1 
(M*+l) 


163 


3<6J-dihydro-6H.[l,4]diazepino[6,7,l-hi]indol-7. 
ylM-(ben2ofur-7-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 444.6 
(M*+l) ( 


164 


3-(6-methyI-6,7-dihydro-6H-[l,4]diazepino[6 7 1-hil- 
mdol-l-yl)^(furo[3^]pyridin-7«yl)-2,5- 
dioxopynole dihydrochloride 


(M*+l) 


165 


3-(6-methyl-6 ,7-dihydro-6H-[l,4]dia2eDinor6 7 1- 
hi]indol-l-yl)-^(benzothien-7-yl).2^-dioxopynole 


JQJKiVlo. 414.13UU 

(M+H) 1 


166 


3-(6-me%WJ^ydn>^H-[l t 4]diazepino[6 s 7,l-hi]- 

indol-l-yl)^(benzo[l,3]dioxol-4-yl)-2,5- 

dioxopyrrole 


HRMS: 402.1461 | 


167 

1 


3-(6-isopropyl-6,7Kiihydro-6H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl>4-(5-fluon)benzofur-7-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 444.6 


168 
j i 


S-Ce-cyclohexyl^J-dihydro-OT-tl^ldiazepinorej,!- 
bi]indol-l-ylH^5-fluorobenzofiir-.7-yl>2,5- 
Jioxopynole hydrochloride 


MS(ES): m/z = 484.2 
(M++1) j 


169 : 
I 


J<6-(tetrahydi^yran^yl)-6,7-dihydro-6H- ] 

;i t 4]diazepino[6J4-hi]indol-l-yl)^l^nzofur-7-yl> ( 
*,5-dioxopynoIe hydrochloride 


VK(ES): m/z = 468.2 
M*+l) 


170 : 

I 

2 


K6-(anmethylbeii2yl)-6,7-dihydro-6H- I 
l,4]diazepino-[6 J,l-hi]indol-l-yI)^(benzofiir-7-yl> ( 
^-dioxopyrrole hydrochloride 


^S(ES):m/z = 488.2 — l 
M++1) 


171 3 
2 


-(6-((imidazol-2-yl)methyl>^J-dihydro-6H^ ft 
l,4]dia2»pino[6ja-hi]indol-l-ylHl(benzo^ C 
,5-dioxopyrrole hydrochloride 


>1S(ES): m/z = 464.2 
NfVl) 


172 3 

| £ 


-(6-(isopropyl>5,6,7,8-tetrahydrO-6H- ]s 
l,4]diazocino[7,8J-hi]indol-l-yl)^imidazo[l^a]- 0 
yridin-3-yl)-2^-dioxoDyrrole hydrochloride 


1SCBS): m/z = 440.2 
VT+1) 



WO 03/076442 



PCT/US03/05050 



-100- 



173 



174 



|3-(6-(isopropyl>^,7-dihydro-6H-[l,4]diazepino- 

[6,7,l-hi]indol-l-yl)^-(benz[l,3]dioxol-4-yl)-2,5- 
Idioxopyrrole 



3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepino- 
[6,7,l-hi]indol-l-yl)-4-(2,3-dihydrobenzofur-7-yl>- 
|2,5-dioxopyirole 

3-(6-(methyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl)^23-dihydrobenzo[l,4]dioxin-5-yl)- 
|2,5-dioxopyrrole 



HRMS: m/z = 
430.1781 (M+H) 



HRMS: m/z = 
428.1986 (M+H) 



175 



IS: m/z = 
U6.1610 (M+H) 



176 



177 



3-(6-(isopTOpyl)-5,6,7,8-tetrahydro-6H-[l,4]diazo- 
cino[7,8,l-hi]indol-l-yl)-4-(benzofur-7-yl)-2,5- 
dioxopyrrole hydrochloride 



HRMS: m/z = 
440.1970 (M*+H) 



178 



j3-(6-(tetrahydropyran-4-yl>5,6,7,8-tetrahydro-6H- 
[l,4]diazocmo[7,84-m]mdol-l-yl)-4-(benzofur-7-yl> 
2,5-dioxopyrrole hydrochloride 



: m/z = 
182.2046 (M++H) 



179 



3-(6-(a-methylbeiizyl)-5,6,7,8-tetrahydro-6H- 
[l,4]a^azocmo[7,8,l-hi]indol-l-yl)-4-(benzofur-7-yl)- 
2,5-dioxopyrrole hydrochloride 



!: m/z = 
1502.2138 (M+H) 



180 



p-CeKmethyO-S^.S-tetrahydro-eH-fl^diazocmo- 
[7,8,l-hi]indol-l-yl)^-(benzofiir-7-yl>2,5- 
dioxopyrrole 



|HRMS: m/z = 
U6.1595 (M++H) 



3-(6-(ethyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 
indol-l-yl)^(benzofur-7-vn-2^-dioxopvrrole 



HRMS: m/z = 
416.1600 



(M++H) 



181 



182 



|3-(6-(memyl>5A7,8-terrahydro-6H-[l,4jd^azocino- 

[^SJ-WJmdol-l-ylH-Cfinop^-clpyridin^-yl^S- 
dioxopyrrole dihydrochloride 



5(ES): m/z = 413.1 
|(M*+1) 



183 



3-(6-(isopropyl)-5,6J,8-tetrahydro-6H-[l,4]diazocin- 
p[7,8a-W]mdol-l-yl)^furo[3^-c]pyridin-7-yl>2^- 
dioxopyrrole dihydrochloride 



5(ES): m/z = 441.2 
|(M*+1) 



|3-(6-(isopropyl>6J-dmydro-6H-[l,4]diazepino[6,7,l- 

W]mdol-l-yl)^(benzofur-7-yl)-23-dioxopyrrole 
' hydrochloride 



[S(ES): m/z = 426.2 
|(M*+1) 



184 3-(6-(I-phenylem-l-yl)-6,7-dihydro-6H- 

[l,4]diazerrao[6J4-lii]mdol-l-yl)-4-^nzofur-7-yl> 
2,5-dioxopyrrole hydrochloride 


LmS(ES): m/z = 488.2 
(M*+l) 


185 |3-(6-(tetrahydropym-2-yl)-6J-dmydro-6H- 

[l,4]diazepmo[6ja-m]indol-l-yl)-4-(benzofur-7-yl)- 
2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 468.2 
(M*+l) 


186 |3-(6<inemyl)-6J-<Jmy<Jro-6H-tl,4]diazepino[6 > 7,l- 

hi]mdol-l-ylH-(5-fluorobenzofiir-7-yl>2,5- i 
dioxopyrrole 


MS(ES): m/z = 416.1 
(M++1) 


187 3-(6-(memyl)^J-dihydro-6H-[l,4]diazepino[6,7,l- 
W]indol-l-yl)-4-(5-fluorobenzofur-7-yl>-23- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 416.2 
(M*+l) 


188 |3-(6-(isopropyl)-6J-dmydro-6H-[l,4](fiazepino[6,7,l- 
lhi]indol-l-yl>4-(5-fluorobenzofur-7-yl)-2^- 
Idioxopyrrole 


MS(ES): m/z = 444.1 
CM + +1) 
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189 


hi]indol-l-ylH-(5-fluorobenzofur-7-yl)-2 t 5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 416.2 
(MM) 


190 


S^e-Cisopropyl^.T-dihydro^H-tl^Jdiazepinote,?,!- 

hi]indol-l-yl)^(imidazo[l^-a]pyridin-3-yl)-2,5- 

dioxopyrrole 


MS(ES):m/z = 426.2 
(M*+l) 


191 


3-(6-(2-methoxyeth-l-yl)-6.7-dihydro-6H- 

[l,4]diazepuio[6,7,l-hi]indol-l-yl>4-{iinidazo[l l 2- 

b]pyridazin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 442.9 
(M*+l) 


192 


S^e^isopropyl^ej-dihydro-eH-tl^ldiazepino^J,!- 
hi]indol-l-yl>4-(5,6,7,8-tetrahydroimidazo[l ,2-a]- 
pyridin-3-yl>2 > 5-dioxopynole hydrochloride 


MS(ES): m/z = 426.2 

(M*+i) 


193 


3-(6-(cyclopentyl)-6,7-dihydro-6H-[l ,4]diazepino- 
[6,7,l-hi]indol-l-yl)-4-(imidazo[l,2-a]pyndin-3-yI)- 
2,5-dioxopyrroIe hydrochloride 


MS(ES): m/z = 470.2 
(M*+l) 


194 


3K9-fluoro^isopropyl^J^iihydro-6H-[l,4]diaze- 
pmo [6,7 , 1 -hi]indol- 1 -yl>4-(imi dazo [ 1 ,2-a] pyndin-3- 
yl)-2,5-dioxopynole hydrochloride 


MS(ES):m/z = 444.1 
(M^+l) 


195 


3-{6-isopropyl-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]mdol- l-yl)-4-(6-fluoroimidazo[l ,2-a]pyndin-3-yl)- 
2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 444.2 
(NT+1) 


196 


3-(9-fluoro-64sopropyl^,7-dihydro-6H-[l,4]diaze- 
pino[6,74-hi]indol-l-yl)^(6-fluoroimidazo[l ^-a]- 
pyridin-3-yl)-2,5-dioxopyriole hydrochloride 


MS(ES): m/z = 462.1 


197 


3-(9-fluoro-6-isopropyl-6,7-dihydro-6H-[l t 4]diaze- 
pino[6J4-M]indol-l-yl)^(8-fluoroimida2X)[l,2-a]- 
pyridin-3-yl)-2,5«Kiioxopyrrole hydrochloride 


MS(ES):m/z = 462.2 

(M*+i) 


198 


3-(9-fluoro-6-isopropyl-6 ,7-dihydro-6H-[l ,4]diaze- 
pino[6J,l-W]indol-l-yl)^(imidazo[l,2-a]pyrimidin^ 
3-yl>2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 445.0 
(M++1) 


199 


3-(6K2-methoxyeth-l-yl)^J-dihydro-6H-[l,4]diaze- 

pino^JJ-hilindol-l-ylH^S-fluoroimidazoCl^-a]- 

pyridin-3-yi)-2,5-dioxopynole 


MS(ES): m/z = 460.0 
(M*+l) 


200 


S^e^-methoxyeth-l-yl^J-dihydro-eH-tl^Jdiaze- 
pino|p t / , l -tu jinaoi- 1 -yi j-^-^imiaazoi i ^-ajpynain- j - 
yl)-2,5-dioxopyrrole 


MS(ES):m/z = 442 


201 


3^6.(2-(methoxyethoxy)eth-l-yl)^J^ydro-6H- 

[l f 4]diaze-pino[6JJ-hi]indol-l-yl)U-(iinidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopytrole 


MS(ES): m/z = 486 
(MN-1) 


202 


3-(6^2<morpholin^yl)eth-l-yl>^J-d^ydro-6H- 

[l,4]diaze-pino[6J4-hi]indol-l-yl)^(imidazo[l^- 

a]pyridin-3-yl)-2j>-dioxopyiTole 


MS(ES): m/z = 497 
OVT+1) 


203 


3^6K2-fluorobenzyl)^J-dihydn>-6H-[l,4]diaze- 

pino[6J,l-hi]indol-l-yl)^(imidazo[l^-a]pyridin-3- 

yl)-2^-dioxopyrrole 


MS(ES):m/z = 492 
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204 


3-(6-(4-fluorobenzyl)-€,7-dihydro-6H-[l,4]diaze- 
r iiiu i u » ' » A 111 j auuui- x -yij-H-yi miaazo [ i ^-ajpynuin-3- 
yl)-2,5-dioxopyirole 


MS(ES): m/z = 492 1 
(M*+l) 


205 


3-<6K2,4-difluorobenzyl)-6J^ydn>-6H-[l,4]dia2e^ 

Dinorfi 7 1 -hi1inrfn1-1-v1V4-/trrvirla'Ti-*ri o oit««^« ^ 
r lllu L w » ' 9 * iiijiiii^i-i-yi^^-^iiiua^o[i,z-ajpynQin-J 

yl)-2,5-dioxopyrrole 


MS(ES): m/z = 510 j 
(MVl) 


206 


3-(6K2A6-trifluorobenzyl)-6,7^ydn>-6H-- 

Tl 41diflzfi"ninnrfi 7 1 -TvilinHol-l .vU^_/ifni/1«v/\ri i «i 
L x j~J iXLA^yiUKJ \_\Jf f ,1 "111 J lilUUl- X -y 1 ^-*t— ^lEulQHZO [_ 1 ,Z-E - 

pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 528 I 

(ivr+i) 


207 


3-(6-((l-cyclohexyliiriidazol-5-yl)methyl)-6,7- 

dihvdro-6H-M 41di»7.f»rrinnrfi 7 1 hilin/lnl 1 *rl\_/i 

(iimdazo[l^-a]-pyriciin-3-yl)-2,5^oxopyrrole 


MS(ES): m/z = 546 

(ivr+i) 


208 


3-(6^(2-methoxyeth-l-yI)^J^ 

Dinor6.7.1-hilindol-l-v1^-4-^fi-TTlPtIivTirnirla'Trfcri *5 «1 

pyriclin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 456 


209 


3-(6-(2^pyiroUdAn-l^ 

[l,4]dia2^pino[6J4-hi]indol-l-yl)^imidazo[l,2- 
al-Dvridin-3-vlV2 5-dioxonvrmle 


MS(ES):m/z = 481 
(MVl) 


210 


3K6K2-(moipholin-4-yl)et^ 
[l,4]diaze-pino[6J4-lii]indol-l-yl)^6-methyl- 

jmidaZOn 2-al-r»vridin-^-v1V? <\-r\i nr nnvrmlp 
uuiuoMfLJ.,^ **J pjrXXUlll -J jri/^ J^JXUAUpyxTOlO 


MS(ES):m/z = 511 
(IV^+l) j 


211 


3-(9-fluoixMH2-(mo^ 
cIihydiT>^-[l,4]diaze-pi^^^ 

joit>my ii i m<m^[ i ,^-dj-pynaino-yi J-z,D-ulOXOpyiT0l6 


MS(ES): m/z = 529 
(M*+l) j 


212 


3-(9-fluoro-6-(2-(moipholin^yl)eth-l-yI)-6J- 
<iihydn>-6H-[l ,4]diazepino[6 ,7,l-hi]indol-l-yl)-4-(7- 

mPthoTVimiHjl , 7nri 7-q1 -rw/rnz-firi Q O C 

luomuAjf 1 1 1 li udzu ^ i y^-aj -p yiiOin- j -yi 
dioxopynole 


MS(ES): m/z = 545 
(M++1) 


213 


3-(6-(2-(morpholin-4-y])eth-l-yl)^J^ydro-6H- 
. A r* j uj itZiCpinu L o, / , x -m j inaoi- x -yi )- £ t-\ i -metnoxy- 
imidazofl ,2-a]-pyri<iin-3-yl)-2,5-dioxopyiTole 


MS(ES): m/z = 527 
(NT^+l) J 


214 


3<6-(2-methoxyeth-l-yl)-6 ,7-dihydn>-6H-[l ,4]diaze- 

**** ^IV, / , A 1X1 JxxlUlU~ A-jrl^* - *— ^ / -IxIClXlUXyillll QoZO |_ X 

a]-pyridin-3-yl)-2,5-dioxopy]rTD]e 


MS(ES): m/z = 472 


215 


3-(6-(isopn>pyl)-6J^ 
tiijindol-l-yl)-4-(7^M^^ 
Z,5-dioxopyrroIe methanesulfonate 


MS(ES): m/z = 460.2 
[M^+l) 


216 

t 


3^(isopropyl)^J^ydi0^^ 
ii]indol-l-yl)^8-fluon)iiTiid 
^-dioxopyrrole methanesulfonate 


VIS(ES): m/z = 444.2 
MVl) 


217 • 

£ 


^(6^2-methoxyeth-yl)^J^ydiX)-6H-[l,4](Ua^ 
>ino[6,74-hi]indol-l-yl^^ 
-pyridin-3-yl)-2^^oxopynoIe 


v4S(ES): m/z = 472.0 
1^+1) 


218 

i 


-{9-fluon>-6-(2-methoxyetli- 1 -yl)-6, 7-dihydro-6H- H 
l,4]diazepino[6JJ-lii]indol-l-yl)^(7^hIoi^ ( 
mid^o[l^-a]pyriciin^^^ 


4S(ES): m/z = 493.8 
M*+l) 
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219 


3-(6-(tetrahydropyran-^yl)-6,7-dihydn>-6H- 

[l,4]diazqMno[6,7,l-hi]indol-l-yl)-4-(iniidazo[l,2- 

a]pyridin-3-yl)-2^-dioxopyrrole 


HRMS: m/z = 
468.2036 


220 


(-)-3-C7-methyl-6-isopropyl-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l^ii]indol-l-yl)-4-(iniidazo[l,2- 

a]pyridin-3-yl)-2^5-dioxopyiTole 


HRMS: m/z = 
440.2076 


221 


(+)-3-(7-methyl-6-isopropyl-6,7-dihydro-6H- 

[l,4]diazepino[6JJ-M]indol-l-yl)-4-(imidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyn:ole 


HRMS: m/z = 
440.2086 


222 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydn>-6H- 

[l,4]diazepmo[6,7,l-hi]indol-l-yl)-4-(7-chloro- 

imidazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
476.1494 


. 223 


3-(6-(isopropyl)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl)-4-(imidazo[2,l-b]thiazol-3-yl)-2 5 5- 

dioxopyrrole 


HRMS: m/z = 
432.1495 


224 


3-(6-(2^methoxyeth-l-yl)-6,7-dihydro-6H- 

[l,4jdiazepmo[o,7,l-hi]indol-l-yl>4-(6-methoxy- 

imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 472 
(M++1) 


225 


3-(6-(2-methoxyeth-l-yl)-6,7-dihydro-6H- 
[l,4]diazepmo[6,7,l-hi]mdoH-yl)-4-(7-ethyl- 
imidazo[l £ r a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 470 
OVT+1) 


226 


3-(6-(isopropyl)-6J-^hydro-6H-[l,4]diazq)ino[6,7,l- 
hi]indol-l-yl)^(imidazo[l£-a]pyri^ 
dioxopyrrole methanesulfonate 


MS(ES): m/z = 427.2 
(M++1) 


227 


3-(6-(cyclopentyl)-6J-dihydro-6H-[l,4]diazepino- 

[6J4-hi]indol-l-yl)^(imida2»[l^a]pyrimidin-3- 

yl)-2,5-dioxopyrrole 


MS(ES): m/z = 427.2 
(M++1) 


228 


3-(6Kisopropyl)-^,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l -yl>4-(6-chloroimidazo[l ,2-a]pyridin-3-yl)- 
2,5-dioxopyrroIe 


MS(ES):m/z = 460 
(M++1) 


229 


3-(6^2-fluoiobenzyl)^;7-dihydn)-6H-[l f 4]dia2epino- 
6J,l-hi]indol-l-yl)-4^mudazo[l,2-a]pynmidin-3- 
yl)-2 f 5-dioxopyrrole j 


MS(ES):m/z = 493 | 
(M*+l) 


230 


3-(6^(pyridin-3-yl)methyI)^,7-dihydn>-6H- 

. i /fjaiazepino-Lo, / , i -nijinaoi- 1 -yl j-4-(imiaazo[ 1 ,2- 

a]pyrimidin-3-7l>2,5-dioxopyrrole 


MS(ES):m/z = 476 
>r+l) 


231 


3-(6-((pyridin-2-yl)methyi)^,7-dihydn>-6H- 

l,4]diazepino-t6J4-hi]indol-l-yl)^iiiudazo[l^- 

a]pyrunidin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 476 
(M++1) 


232 


H6-<isopropyl)-6,7-dihydro-6H-[l ,4]diazepino- 
6 ,7,l^ii]indoH-yl)-4«(pyrazolo[l ,5-a]pyrimidin-3- 
yl>2,5-dioxopyrrole hydrochloride 


HRMS: m/z = ! 
426.1937 (M*+l) 


233 


3-(6-(methylW<imydr^ 

bi]indol-l>yl)^(pyrazolo[l,5-alpyrimidin-3-yl)-2 f 5- 
dioxopyrrole hydrochloride 


HRMS: m/z = 
398.1617 (MM) 
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234 


3-(6-<methyl)-6,7-dihydn>-6H-[l,4]diazepino-[6,7,l- 
hi]indol-l-yl>4-(4,5,6,7-tetrahydropyrazolo[l,5- 
a]pyrimidin-3-yl)-2,5-dioxopycrole hydrochloride 


HRMS: m/z- 
402.1930 (MVl) 


235 


3-(6-(isopropyl)-6,7-dihydro-6H-[i ,4]diazepino- 
[6,74-hi]indo]-l-yl)^4,5,6J-tetrahydropyrazolo- 
[l,5-a]pyriirudin-3-yl)-2,5-dioxopyirole hydrochloride 


HRMS: m/z = 
430.2243 (M*+l) 


236 


3<6<2-inethoxyeth-l-yl)^jKlihydro-6H-[l,4]dia2e- 

pino[6J4-hi]indol-l-yl)^8^McTOiini<iazo[l^- 

a]pyrimidin-3-yl)-2^-dioxopyrrole 


HRMS: m/z = 
476.1489 (M++1) 



EXAMPLE 237 
3-(5-methylA6^ydro-lH-pyrrolo[3,2>^^ 

dioxopycrole 

Add a solution of 3-(5,6^ydro-lH-pyirolo[3,24-ij]quinazolin-l-yl>4- 
(isoquinolin-5-yl)-2,5-dioxopyrrole (0.300g, 0.7853 mmol) in anhydrous 
dimethylformamide (1.5 mL) to formalin (37% solution in water, 0.750 ml) in 2 ml 
glacial acetic acid and stir at 65°C for 2 hours. Pour into ice water and neutralize with 
5.0N sodium hydroxide. Extract with 200 mL ethyl acetate, wash sequentially with 
water (1 x 75 mL), and saturated aqueous sodium chloride (1 x 75 mL), dry over 
anhydrous magnesium sulfate, and concentration under reduced pressure. Dissolve 
the residue in 150 ml 2.0 M ammonia in methanol stir at room temperature for 2 
hours, concentrate and purify by column chromatography to give the tide compound 
as an orange solid. 
MS(ES): m/z = 395.2(M*+1) 

EXAMPLE 238 
3-(6-fomyl^,7^hydro^H-[l,4M 

2,5-dioxopynole 
Add 3-(6,7-dihydn>-6H-[l,4]diazep^ 
2,5-<iioxopyrrole (312 mg, 0.74 mmol) and sodium formate (130 mg, 1.91 mmol) to 
fonnamide (12 mL) and stir under nitrogen at 140°C for 30 minutes. Dilute with ethyl 
acetaterdiethyl ether (1:1), wash sequentially with aqueous 0.25 M hydrochloric acid, 
aqueous 0.5 M sodium hydrogen carbonate, and aqueous saturated sodium chloride, 
dry over anhydrous magnesium sulfate, filter, and concentrate under reduced pressure. 
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Recrystallize the residue from methanol and dry under reduced pressure to provide the 
title compound as an orange solid (285 mg, 93%). 
HRMS: 412.1324 (M+l) 

5 EXAMPLE 239 

3-(6-(phenoxycart>onyl)^J-^ 

(benzofur-7-yl)-2,5-dioxopyrrole 
Cool a solution of 0.17 gm (0.44 mMol) 3^6 J-<iihydro^H-[l/r|diazepino- 
[6 J4-hi]indol-l-yl>4-(ben2ofur-7-yl>2,5-dioxop>TTO in 5 mL methanol containing 
10 0. 12 mL (0.88 mMol) triethylamine. Add 0. 10 gm (0.66 mMol) phenyl 

chloroformate. Stir the reaction mixture for 3 hours. Quench the reaction with water 
and extract with ethyl acetate. Subject the organic phase to flash silica gel 
chromatography, eluting with a gradient of hexane containing from 50% to 0% ethyl 
acetate. Combine fractions containing desired product and concentrate them under 
1 5 reduced pressure to provide 0.096 gm of the title compound. 
MS(ES): m/z = 504.2 (M*+l) 

The compounds of EXAMPLES 240- 447 may be prepared essentially as 
described in EXAMPLE 239. 



Example 


Compound 


Data 


240 


3-(6^3-trifluoromethylphenoxycarbonyl)-6,7-dihydro- 
6H-[l,4]diazepino[6J,l-M]indol-l-yl>4-(benzofur-7- 
yl)-2,5-dioxopyrrole 


MS(ES):m/z = 572 
(M*+l) 


241 


3<6^4-methoxyphenoxycaxt>onyl>6J-dihydro-6H- 

[l > 4]diazepino[6J44u]indol-l->d)-4^n2ofur-7-yl^ 

2,5-dioxopyrrole 


MS(ES): m/z = 534 
(M^+l) 


242 


S^^henoxycartwnyy-S^J.S-tetrahydro-eH- 

[l,4]diazocino[7,8J-hi]indol-l-yl)-4^enzofiir-7-yl)- 

2,5-dioxopyrrole 


HRMS: m/z = 
518.1737 0^+15) 


243 


3-{6-(methoxycaibonylKJ^ydro-6H-[l,4]diaze- 
pino[6J4-W]indol-l-yl>4<benzo[13]dioxol-4-yl)- 
2,5-dioxopynole 


HRMS: m/z = 
446.1352(1^+11) 


244 


3-(6-(ethoxycaii>onyl)-6,7-dihydro-6H-[l ,4]diazepino- 

[6,7 t l-hi]indol-l-yl)^t-(benzofur-7-yl>2,5- 

dioxopyrrole 


MS(ES): m/z = 456.2 
(M*+l) 


245 


3^6-(isopropoxycarbon}d)-6,7-dihydrcM5H- 

[l,4]dia2»pino[6J4-hi]indol-l-yl>4-(beiizofiir-7-yl)- 

2,5-dioxopyrrole 


MS(ES):m/z = 470 
(MVl) 
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246 


3-(8-<isopropoxycarbonyl)-[l ,5]diazaperhydroonino- 

[8,94-hi]indol-l-yl)-4-(benzofur.7-yl)-2 t 5- 

dioxopyrrole 


MS(ES):m/z = 444 
(M*+l) 


247 


3^6-(butoxycaibonyl)-6,7-dihydro-6H- 

[l,4]dia2^ino-[6J4-hi]indol-l-yl)-4^enzofur-7-yl> 

2,5-dioxopyrrole 


MS(ES):m/z = 484 
(M++1) 


248 


3K6-(2-(methoxy)ethoxycarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6J4-hi]indol-l-yl)-4-(benzofur-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 486.2 
(MM) 


249 


3-(6-(2-(morpholin-4-yl)ethoxycarbonyl)-5,6 > 7,8- 

tetrahydro-eH-tl^ldiazocino^.SJ-hiJindol-l-yl)-*- 

(benzofur-7-yl>2,5-dioxopyrrole 


HRMS:m/z = 
555.2245 (M+H) 


250 


3-(6-((l -methylpiperazin-4-yl)carbonyl>6,7-dihydro- 

6H-[l,4]diazepmo[6,7,l-hi]indol-l-yl>4-(benzo[U]- 
dioxol-4-yl>2,5-dioxopyrrole 


HRMS:m/z = 
514.2090 (M+H) 


251 


3-(6-((morpholin-4-yl)caxbonyl)^J-dihydro-6H- 
[1 ,4]diazepino[6,74-hi]indol-l-yl)-4-(benzofur--7-yl)- 
2,5-dioxopyrrole 


MS(ES): m/z = 497.2 
(MM) 


252 


3<6-((moipholin-4-yl)carbonyl>6,7-dihydro-6H- 

[l,4](Uazepino[6J4-hi]indol-l-yl)-4-(imidazo[l^-a]- 

pyriddn-3-yl)-2,5-dioxopynt>le 


MS(ES): m/z = 497.2 
(MM) 


253 


3-(6-((morpholin^yl)caibonyI)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indoM-yl)^-(7- 

cyanoiiiiida2MD[l^-a]pyridin-3-yl)-2,5Hdioxopyrrole 


MS(ES): m/z = 522.1 
(MM) 


254 


3-(6-((moq>holin-4-yl)cait)onyl)-5,6,7,8-tetrahydro- 

6H-[l,4]d5azocino[7 f 84-hi]indol-l-ylH-(benzofur-7- 

yl)-2,5-dioxopyrrole 


HRMS: m/z = 
511.1978 (M+H) 


255 


3-(6-((pyiroKddn-l-yl)carbonyl)-6J-dihydro-6H- 

[l f 4]diazepino[6J4-lH]indol-l-yl)-4-{imidazo[l,2- 

alpyri-din-S-yl^.S-dioxopyrrole 


MS(ES): m/z = 497.2 
(MM) 


256 


3-(6-((piperidin-l-yl)caibonyl)^ f 7-dihydro-6H- 

[l,4]diazepino[6J4^]iiido]-l-yl>4-(iinidazo[l t ^ 

a]pyri-din-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 497.2 
(MM) 


257 


3<6Ktrimethylacetyl)^J-dihydro-6H- 

L 1 ,4J ciazepino |p » / » I -ni J inuol- J. -yi ^-4-(,oenzoiur- / -yi )- 

2,5-dioxopyrrole 


MS(ES): m/z = 468.2 
JVL +1J 


258 


3-(6-(NJN-[dimethyl]aminocarbonyl)-[l ,7]diazoper- 

hydroonino[8^4^]indol-l-yl>4-(iinidazo[l^-a]- 

pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 483.2 
(MM) 


259 


3<7-(N^-[dimethyl]aminocarbonyl)-[l,6]diazoper- 

hydroonino[8,9,l-hi]indol-l-yl)-4-Cimidazo[l^- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 483.2 
(MM) 


260 


3<8-(N»N-[dUmethyl]aininocarbonyl>[l > 5Jdia20per- 

hydroonino[8^4-hi]indol-l-yl)-4-(imida2o[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 483.2 
(MM) 
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261 


3- (8-(N,N-[dimethyl]aminro^ 
hydroonino[8,94^ 

4- yl)-2^-dioxopynx)le 


HRMS: 487.1973 
(M+H) 


262 


3-(6-(NJ*-[dimethyl]a™ 

[l,4]diazepino[6JJ-M]indol-l-yl)^(teii2X)fur-7-yl> 
2,5-dioxopyrrole 


MS(ES):m/z = 455.2 
(M*+l) 


263 


3-(6-(N^-[dimethyl]aminoc^ 

[l,4]dia2«pino[6JJ-W]indol-l-yl>4.(5-fluorobenzo- 

fur-7-yl)-2,5-dioxopynoIe 


MS(ES):m/z = 473.2 
(M*+l) 


264 


3-(6-(N^-[dimethyl]amin^ 

[l,4]diazepino[6JJ-hi]indol-l-yl)-^imidazo[l f 2- 

a]pyridin-3-yl>2,5-dioxopyrrole 


MS(ES):m/z = 455.2 
(M*+l) 


265 


3-(6-(N,N-[dimethyl]aminocarbonyl)-5,6,7,8- 

tetrahydio^H-[l,4]diazocino[7,8,l-hi]indol-l-yl)-4- 

(imida2o[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 469.6 
(M++1) 


266 


3-(6-<^^-[dimethyl]aminocart^ 

[l,4]diazepino[6J4-W]indol-l-yl>4-(2,3-dihydro- 

benzo[l,4]dioxin-5-yl>2,5-dioxopyrrole 


HRMS: m/z = 
473.1822 (M++H) 


267 


3-(6-(N^-[dimethyl]aminocarbonyl)-6J-<iihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl>4-(benzo[l,3]- 

dioxol-4-yl)-2,5-dioxopynole 


HRMS: m/z = 
459.1690 (M++H) 


268 


3-(6-(N,N-[dimethyl]aminocarbonyI)-[l ,7]diazaperhy- 

droonino[8,9J-M]indol-l-ylH^imidazo[l^-a]pyri- 

din-3-yl)-2,5-dioxopyrroIe 


MS(ES): m/z = 483.2 
(M++1) 


269 


3-(7-(N^-[dimethyl]aminocarbonyl>[l,6]diazapeihy- 

droonino[8,94-hi]indol-l-yl>4-(imidazo[l^-a]pyri- 

din-3-yl)-2^-dioxopyrrole 


MS(ES): m/z = 483.2 ! 
OVT+1) 


270 


3-(6-(N^-[dimethyl]amm^ 

hydro-6H-[l,4]diazocino[7,8,l-hi]indol-l-yl)-4- 

(benzofur-7-yl)-2,5-dioxopyrrole 


HRMS: m/z = ! 
469.1889 (M++H) 


271 


3<6-CN^-[dimethyl]aminocarbonyl>7-methyl-6,7- 
dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)^- 
(benzo[l 3]-dioxol-4-yl)-2,5-dioxopym)le 


HRMS: m/z = 
473.1826 OVT+H) 


272 


3-(6-(N^-fdimethyl]aminocarbonyl)-7-methyl-6J- 
dihydiD-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
yimaazo|_i,z-ajpyn(un-j-yi^z^-aioxopyrrole 
hydrochloride 


HRMS: m/z = 
469.2000 (M++H) 


273 


3^6-(NJN-[dimethyl]aminocarbonyl>5,6,7,8- 
tetrahydro-6H-[ 1 ,4]diazocino[7 ,8 , 1 -hi]indol-l -yl)^- 
(benzo[13]dioxol-4-5d)-2^-dioxopyrroIe 


HRMS: m/z = 
♦73.1841 (M*+H) 


274 

( 


3-(8-propionyl-[l^]diazoperhydroonino[8 f 9,l- ] 
tu]indol-l-yl)-4-(23-dihydrobenzofur-7-yl)-2^- < 
dioxopyrrole 


HRMS: m/z = 
170.2086 (M+H) 


275 : 
1 
< 


J-(6-piopionyl-6,7-dihydro^H-[l,4]diazepino[6,7,l- 

ii]indol-l-yl>4-(iiiiidazo[l^-a]pyridin-3-yl)-2^- 

fioxopynole 


VIS(ES): m/z = 440.2 
M++1) 
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276 


3^6-acetyl-5,6J,8-tetrahydrcH6H- 
[l,4]diazodno[7,8a-hi]indol-l-yl)-4-(fiiro[3,2- 
c]pyridin-7-yl)-2^-dioxopyirole hydrochloride 


MS(ES):m/z = 441.1 
(MVl) 


Til 


3-(8-propionyl-[l,5]diazopeiiiydiDonino[8,9,l-hi3in- 
doI-l-yl>4-(iniidazo[l ,2-a]pyridin-3-yl>2,5- 
dioxopyrrole 


MS(ES):m/z = 468.2 
(M*+l) 


278 


3-(6-propionyl-6,7-dihydro-6H-[l,41diazepino[6,7,l- 
hi]indoI-l-yl)^Cbenzofur-7-yl)-2 f 5-dioxopyirole 


MS(ES):m/z = 440.1 
(M*+l) 


279 


3-(8-acetyl-[l^]diazoperhydroonino[8^,l-hi]indol-l- 
yl)-4-(benzofur-7-yl)-2 J 5-dioxopyrro]e 


MS(ES): m/z = 454.2 
(M++1) 


280 


3-(8-propionyl-[l,5]diazoperhydroonino[8,9,l- 
hi]indol- l-yl>4-(benzofur-7-yl)-2 f 5-dioxopynx>le 


MS(ES):m/z = 468.2 
(MM) 


281 


3-(6-ac^tyl-6J-daiydro-6H-[l,4]diazepino[6,7,l- 

hi]inniol-l-yl)^(inudazo[l,2-a]pyridin-3-yl)-2,5- 

dioxopynole 


MS(ES):m/z = 426.2 
(M*+l) 


282 


3-(8-acetyl-[l,5]diazoperhydroonino[8,9,l-hi]indol-l- 
yl)^imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopynx>le 


MS(ES):m/z = 454.2 
(M++1) 


283 


S-Ce-acetyl-ej-dihydro-eH-tl^ldiazepinoiejJ-hi]- 
indol-l-yl)^(5-fluorobenzofur-7-yl>2,5-dioxopyrrole 


MS(ES): m/z = 444.1 
(M++1) 


284 


3-(6-but>ryl^J-dihydrc>-6H-[l,4]diazepino[6,7,l- 

hiJindol-l-yO^Ciinidazotl^-aipyridin-S-yl^S- 

dioxopyrrole 


MS(ES): m/z = 454.2 
(M*+l) 


285 


3-(6-isobutyryl-6jKiihydro-6H-[l,4]diazepino[6,7 s l- 

hi]indol-l-yl)^(imidazo[l,2-a]pyridin-3-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 454.2 
(M*+l) 


286 


3-(8-propionyl-[l ,5]diazoperhydroonino[8,9 t 14ii]in- 
dol-l-yl)^-(furo-[3^-c]pyridin-3-yl>2,5-dioxopyro 
hydrochloride 


MS(ES): m/z = 469.2 
(M*+l) 


287 


S^S-acetyl-tljSJdiazoperhydrooninotS^J-hilindol-l- 

yl)^fim)-[3,2-c]pyridin-3-yl}-2,5-dioxopyiTole 

lydrochloride 


MS(ES): m/z = 455.1 
(M++1) 


288 


3-(6-propionyl-5,6,7,8-tetrahydro-6H- 
[l,4]diazodno[7,8a-hi]indol-l-yl)^ftiro[3^- 
c]pyridin-7-yl)-2,5-dioxopyirole hydrochloride 


MS(ES): m/z = 455.2 
(M*+l) 


289 


3-(6-propionyl-6,7-dihydro-6H-[l,4]diazepino[6 f 7,l- 
hi]indol-l-yl)-4-(furo[3^]pyridin-7-yl>2 ( 5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 441.2 
(M++1) 


290 


3-(6-acetyl-6J^ydro-6H-[l,4]diazepino[6,7,l- 
hi]indol-l-ylH-(furo[3^]pyridin-7-y])-2 f 5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 427.1 
(M*+l) 


291 


3-(6-acetyl-6J-daydro-6H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl>4-(ben2o[13]dioxol-4-yl)-2,5- 

dioxopyrrole 


HRMS: 430.1422 | 
(M+H) 


292 


3-(6-acetyl-6J-dihydio-6H-[^ 
hi]indol-l-yl>4-(benzo|>]^ 


HRMS: 442.1251 
CM+H) 
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293 


S-Ce-propionyl-ej-iiihydro-eH-Il^diazepinofej,!- 

hi]indol-l-yl)-4.(benzo[l,3]dioxol-4-yl)-2 f 5- 

dioxopycrole 


HRMS: 444.1552 
(M+H) 


294 


3-(6-acetyl-6,7-dihydro-6H-[l ,4]diazepuio[6,7,l- 

hi]indol-l-yl)^2,3-dmydroben2ofur-7-yl)-2,5- 

dioxopyrrole 


HRMS: 428.1599 
(M+H) 


295 


3-(6-propionyl-6,7-dihydro-6H-[l,4]diazepino[6 > 7,l- 

hi]indol-l-yl>4K2,3^hydrobeiizofur-7-yl)-2,5- 

dioxopyrrole 


HRMS: 442.1796 
(M+H) 


296 


S^e-butyryl^J-^hydro-eH-Cl^ldttazepinofe,?,!- 

hi]indol-l-yl)^(2,3-dihydrobenzofur-7-yl)-2,5- 

dioxopyrrole 


HRMS: 456.1911 
(M+H) 


297 


j-to-acetyl- [ l p Jaiazopernyan>onino[8,9, 1 -nijindol-1- 
yl)^23^ydrobenzofur-7-yl)-2,5-dioxopyrrole 


HRMS: 456.1921 
(M+H) 


298 


3K8-propionyl-[l^]diazopeihydroonino[8,9,l-hi]- 

indol-l-yl)-4-(benzo[l,3]dioxol-4-yl)-2,5- 

dioxopyrrole 


HRMS: 472.1864 
(M+H) 


299 


3-(6-isobutyryl-[ 1 ,7] diazoperhydroonino [8,9, 1 -hi]in- 

dol-l-yl)^imidazo[l,2-a]pyridin-3-yl)-2,5- 

dioxopynole 


MS(ES):m/z = 480.3 
(M+l) 


300 


3-{6-acetyl-5,6,7,8-tetrahydro-6H-[l,4]diazocino- 
[7,8,l-hi]indol-l-yl)^-(£uro[3,2-c]pyridin-7-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES):m/z = 441.1 
(M++1) 


301 


SKS-propionyl-tl.Sldiazoperhydit^ninorS^.l-hilin- 
dol-l-yl)-4^enzo[l^]dioxol-4-yl)-2,5-dioxopym)le 


HRMS: ra/z = 
469.1885 (M+H) 


302 


3-{6-propionyl-5,6,7 l 8-tetrahydro-6H- 

l,4]diazocino[7,8,l-hi]indol-l-)4)^(beiizofur--7-yl)- 

2,5-dioxopyrrole 


MS(ES):m/z = 454.2 
(M*+l) 


303 


3-(6-(NJN-dimethylaminoc^bcmyl)-6J-dihydro-6H- 
[l,4]diazepino[6,7,l-W]indol-l-yl)^(feo[3,2^]pyri- 
din-7-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES):m/z = 456.2 
<M*+1) 


304 


3-(6-((mc^holin-4-yl)carbonyl)-6,7Kiihydro-6H- 
I,4]diazepino[6,7,l-hi]indol-l-yl)^(furo[3^-c]pyri- 
din-7-yl)-2,5-dioxopyrrole hydnochloride 


MS(ES):m/z = 498.1 
(M*+l) 


305 

> 


3-(6-((4-methylpiperazin- 1 -yl)carbonyl)-6,7-dihydro- 
6H-[l,4]diazepino[6,7,l-W]indol-l-yl)^furo[3^- 
c]pyridm-7-yl>-2,5-dioxopyirole dihydrochloride 


MS(ES): m/z = 511.2 
(M*+l) 


306 


3-(6K(pyn:olidin-l-yl)carbonyl>^7^ 
I,4]diazepino[6,7,l-W]indol-l-ylH^furo[3>c]pyii- 
din-7-yl>-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 482.2 
(M++1) 


307 


3^6-((pyn , olicUn-l-yl)carbonyl)-5 l 6,7,8-tetrahydio- 
5H-[l,4]diazocino[7,8,l-hi]indol-l.yl)^furo[3,2- 
:] pyridin-7-yl)-2,5-dioxop yrrole hydn>chloride 


MS(ES): m/z = 399.1 
(M++1) 


308 

< 


H6^(morphoUn^yl)carbonyl)-5,6,7,8-tetrahydro- 
SH-tl^ldiazocino^.sa-hiJindol-l-yl^furoP^- 
:]pyridin-7-yl)-2,5-dioxopyirole hydrochloride 


MS(ES): m/z = 512.2 
>**+!) 
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309 


3-(6-((4-methylpiperazin-l-yl)carbonyl>5 > 6,7,8-tetra- 
hydro-6H-[l ,4]diazocino[7 f 8,l^]indol-l-yl)^(fuio- 
[3,2-c]pyridin-7-yl)-2 > 5-dioxopyrrole dihydrochloride 


MS(ES): m/z = 525.2 
(M*+l) 


310 


3K6K(methoxy)caibonyl>5,6J,8~tetrahydro-6H- 
[l,4]diazcK:ino[7,8,l-hi]indol-^^ 
din-7-yl)-2,5-dioxopynole hydrochloride 


MS(ES): m/z = 457.1 
(M*+l) 


311 


3-(6-((ethoxy)caibonyl-5,6,7,8-tetrahydro-6H- 
[l,4]diazocino[73,l-hi]indol-l-yl)^(fiiro[3,2-c]pyri- 
din-7-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 471.1 
(MVl) 


312 


3^6^(NJN-<limethylamino)carbonyl)-5,6,7 > 8-tetn^ 
dro-6H-[l,4]diazocino[73J-hi]indol-l-yl)^-(fuio- 
[3,2^]pyridin-7-yl)-2,5-dioxopyiTole hydrochloride 


MS(ES): m/z = 470.2 
(MM) 


313 


3-(6-((piperidin-l-yl)carbonyl)-6 > 7-dihydro-6H- 
[M]diazepino[6J4-hi]ind0l-l^^^ 
din-7-yl)-2,5-dioxopyrTole hydrochloride 


MS(ES): m/z = 496.2 
(M*+l) 


314 


3-(6-((piperidin-l-yl)caibony3>5 l 6J,8-tetrahydro-6H- 
[l^ldiazocino^.S^^indol-l-ylH-Cfurop^-cJpyri- 
din-7-yl)-2,5-dioxopycrole hydrochloride 


MS(ES): m/z = 510.2 
(M*+l) 


315 


3-(6<octanoyl)^J^ydro^H-[l,4]diazepino[6,7,l- 
W]indol-l-yl)^(furo[3,2K;]pyridin-7-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 511.2 
(MM) 


316 


3-(6-(octanoyl)-5,6,7,8-tetrahydro-6H-[l,4]diazocino- 
[7,84-W]indol-l-yl)^(furo[3,2-c]pyridin-7-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 525.2 
(MM) 


317 


3^7-methyl-6-((morpholin-4-yl)carbonyl)-6 f 7- 
dihydro-eH-fl^cUazepinoCej.l-hilindol-l-yl)^ 
(furo[3 > 2^]pyri(Un-7-yl>2 l 5H3ioxopytrole 
dihydrochloride 


MS(ES): m/z = 512.2 
(MM) 


318 


3-(6-(isobutyryl)-5,6J t 8-tetrahydro-6H-[l,4]diazo- 

cino[7,8^-M]indol-l-yl)^(4^dimeto^ 

[3£^]pyridin-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 512.2 
(MM) 


319 


3-(6-(NJ^-dimethylamino)carbonyl)-5,6,7 f 8- 
tetrahydro-6H- [ 1 ,4]diazocino[7,8 , l-hi]indol-l -yl>-4- 
(4^dimethylamino)furo-[3^]pyridin-7-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 513.2 
(MM) 


320 


3-(6^etnoxycarbonyI)^,7Klihydr(>-oH-[l,4]diaze- 

pino[6JJ^]indol-l-yl)^iniidazo[l^-a]pyridin-3- 

yl)-2,5-dioxopynole 


vtS(ES): m/z = 456 
(MM) 


321 


3-(6-<isopTopoxycait)onyl)-6,7-dihyclrD-6H-tl ,4]di- 

azepino[6J,l-hi]indol-l-yl>4-(imidazo[l,2-a]pyridin- 

3-yl)-2,5-dioxopym>le 


MS(ES):m/z = 470 
(MM) 


322 


3K6-(bu^l)-6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
hi]indoI-l-yl>4^enzofur-7-yl)-2,5-dioxopym)le 


MS(ES): m/z = 452.3 
(MM) 


323 


3-(6-(2-methylpiopionyl)-6,7-dihydTO-6H-[l,4]di- 

azepino[6J4-W]indol-l-yl)-4-{benzofur-7-yl)-2^- 

dioxopynole 


MS(ES): m/z = 454.2 
(MM) 
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324 


3-(6-(propionyl)^,7Kiihydro-6H-[l,4]dttazepinc^ 

[6,7,l-hi]indol-l-yl)^-(5-fluorobenzofur-7-yl)-2^- 

dioxopyrrole 


MS(ES): m/z = 457.9 
(M*+l) 


325 


3-(6-(butyryl)-6,7^ydro-OT-[l,4]diazepino[6,7 f l- 

hi]indol-l-yl)-4-(5-fluorobenzofur-7-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z =471.9 
(M++1) 


326 


3-(6-(2-methylpropionyl)-6,7-dihydro-6H-[l ,4]di- 

azepino[6^J-hi]indol-l-yl)^(5-fluorobenzofur-7- 

yl>2 1 5-dioxopyrrole 


MS(ES): m/z = 471.9 
(M*+l) 


327 


3-(6-(N-methylamino(cart)onyl))-6,7-dihydro-6H- 

[l,4]diazepino[6JJ-hi]indol-l-yl)-4-(5-fluorobenzo- 

fur-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 458.8 
(MVl) 


328 


3<6-(N^-dimethylanrino(carto^ 

[ 1 ,4]diazepino[6 ,7 , l-hi]indol-l-yl)-4-(5-fluorobeii20- 

fur-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 473.1 

(M*+D i 


329 


S^-CmorphoUn-^yl^arbonyl^J-dihydro-eH- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)*-4-(5-fluorobenzo- 

fiir-7-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 515.1 
(M*+l) 


330 


3-(8-(butyi7l>[l^]diazoperhydrcx)nino-[8,94-hi]- 

indol-l-yl)-4<imidazo[l,2-a]pyridin-3-yl)-2,5- 

dioxopyrrole 


MS(ES): m/z = 482.3 
(M++1) 


331 


3-(8<isobutyryl)-[l,5]diazoperhydroonino-[8,9,l-hi]- 

indol-l-yl)^(imida2o[l^-a]pyridin-3-yI)-2,5- 

dioxopyrrole 


MS(ES): m/z =482.3 
(M++1) 


332 


3-(6-(N-[methyl]aminocarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6J4-hi]iiidol-l-yl)-4-(benzofixr-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 441.1 
(M*+l) 


333 


S^fi-CbutyryO-S^J^-tetrahydro-eH-fl ,4]diazo- 

cino[7 s 8,l-W]indol-l-yl)^(imidazo[l f 2-a]pyridin-3- 

yl)-2,5-dioxopynole 


MS(ES): m/z = 468.6 
(MVl) 


334 


3K(6^peridin-l-yl)caibonyl)^J^hydro-6H- 
[1 ,4]diazepino[6,7, l-hi]indol- l-yl)-4-{imidazo [ 1 ,2- 
a]pyridin-3-yl>2,5-dioxopyrrole 


MS(ES): m/z = 495.1 
(M++1) 


335 


3^(6^yrrolidin-l-yl)carbonyl)^jKiihydn>-6H- 

[l,4]diazepmo[6,7,l-hi]mdol-l-yl)-4-0midazo[l^- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 481.1 
(NfN-l) 


336 


3-((5-methyl-6-(morpholin-4-yl)carbonyl)-6,7- 

dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 

(imidazo[l,2-a]pyridin-3-yl)-23-<lioxopytrole 


MS(ES): m/z = 511.1 
(M*+l) 


337 


3-((4-methyl-6-(niorpholin-4-yl)carbonyl)-6,7- 

dihydro-6H-[l,4]diazepino[6,7,l-hi]ind3l-l-yl)-4- 

(imidazo[l,2-a]pyridin-3-54)-24-dioxopyccole 


MS(ES): m/z = 511.2 
(M++1) 


338 


3-((6-octanoyl>6,7-dihydro^H-[l,4]diazepino[6,7,l- 

hi]indol-l-yl)-4-{imidazo[l^-a]pyridin-3-yl)-2,5- 

dioxopynole 


MS(ES): m/z = 510.2 
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339 


3-((4,4-dimethyl-6-(moipholin-4-yl)carbonyl)-6,7- 
dihydro-6H-[ 1 ,4]diazepino[6,7, l-hi]indol-l-yl>4- 
(imida2X)[l^-a]pyridin-3-yl>2 > 5-dioxopyrrole 


MS(ES):m/z = 525.0 
(M*+l) 


340 


3K(8-fluoro-6-(morpholm^yl> 
6H-[l,4]diazepino[6J4-hi]indol-l-ylH^ 
(imi dazo[ 1 ,2-a]pyridin-3-yl>2,5-dioxopyiTole 


MS(ES):m/z = 513.0 
(M*+l) 


341 


3-((6-N^-[dimethyl]ammoc^ 
[l,4]diazepino[6J4-hi]indol-l-yl)-4-(6-fluoix)ii)iid^ 
azofl ,2-a]pyridin-3-yl>2,5-<UoxopyiTole 


MS(ES):m/z = 473.1 
(MM) 


342 


3-((6-isobutyryl)-6,7-dihydro-6H-[l,4]diazcpino- 

[e^a-Mlindol-l-ylHKe-fluoroimidazotl^- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 472.1 
(M++1) 


343 


3-((6-(moipholin-4-yl)carbonyl)-6,7-dihydro-6H- 
[l,4]daazepino[6J4-hi]indol-l-yl)-4-{8-cyanoimid- 
azo[ 1 ,2-a]pyridin-3 -yl)-2,5-dioxopynole 


MS(ES):m/z = 522.1 
(M++1) 


344 


3-((6-(piperidin-l-yl)caibonyl)-6J^hydrx>-6H- 
[1 ,4]diazepino[6,7, 1 -hi]indol- 1 -yl)-4-(8 -cyanoimi d- 
azo[l £-a]pyiidin-3-yl)-2,5-dioxopynoIe 


MS(ES): m/z = 520.0 
(M++1) 


345 


3-((6-(moiphoHn-^yl)carbonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,74-hi]indol-l-yl)^(8-aniinoiniid- 
azo[l ^-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 512.2 
(M++1) 


346 


3-((8-(moq)holin^yl)cail)onyl)-tl,5]diazoperhydn>- 
onino[8,94-hi]indol-l->1)^(6-metiiyl-iinidazo[l^- 
a]pyridin-3-yl)-2,5-dioxopynx>le 


MS(ES): m/z = 586.9 
(M++1) 


347 


3-((6-(morpholin-4-yl)caibonyl)-6J-dihydro-6H- 
[l,4]diazepino[6,74-hi]indol-l-yl)^(63-^imethyl- 
imidazo[l £-a]pyridin-3-yl)-2,5-dioxopynole 


MS(ES): m/z = 523.0 
(M++1) 


348 


3-((6-(morpholin-4-yl)cait>onyl)-6J-dihydn>6H- 

[l,4]diazepino[6,74-hi]indol-l-yl)-4-(6-methyI-8- 

bromoimidazo[l,2-a]pyridin-3-yl)-2,5-dioxopynole 


MS(ES): m/z = 586.9 
(M++1) 


349 


3-((6-(morpholin-4-yl)carboayl)-6J-d^ydix>^H- 

[l^diazepino^J^-Wjindol-l-yO^iirddazotl^- 

a]pyrazin-3-yl)-2 t 5-dioxopytTole 


MS(ES): m/z =498.2 
(M++1) 


350 


3-((6-(piperidn-l-yl)carbonyl)-6,7Klihydn)-6H- 

.l,4]dia2epino[6,7,l-hi]indol-l-yl)-4-(unidazo[1^2- 

a]pyrazin-3-yl)-2,5-dioxopynx)le 


MS(ES): m/z = 496.2 
(M*+l) 


351 


3-((6-(piperidin- 1 -yl)carbonyl)-6,7-dihydro-6H- 

;i,4]diazepino[6,7,l-hi]indol-l-yl)-4-(imidazo[l^- 

b]pyridazin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 496.1 
(M*+l) 


352 


3<(6<isopropoxy)caibonyl)^J-dihydn>-6H- 

l,4]diazepino[6J4-M]indol-l-yl)-+<imidazo[l,2- 

j]pyridazin-3-yl)-23-dioxopynole 


MS(ES): m/z = 502.0 
(M++1) 


353 


3<(6^iperidin-l-yl)cart>onyl)-6,7-dihydro-6H- 
;i,4]diazepino[6,7,l-hi]indoI-l-yl)-4-(6-methyl- 
imidazo[l^-b]pyridazin-3-yl)-2,5-dioxcrpynole 


MS(ES): m/z = 510.1 
(M++1) 
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1 354 |3K(6<isopropyl)-6/7Kimy^ 
[6JJ4ri]indol-l-yl)^^ 

1 IblDvridin-^-vl^^ ^-HirrrntvwrrVlia 
1 iwjpjriivjxu j yij UlOAUpyilXJlO 


|MS(ES): m/z = 458.2 I 

- pr+i) 


1 355 |3-((6^^-dimethyl]aminocarbonyI)^7Klihydio-^- 
[l,4]diazepino-[6,7,l-hi]indol-l-yl)-4-(5,6,7,8- 
Itetrahvdroimidazori 2-blnvridin-^-vi , \_9 ^ 

dioxopyrrole hydrochloride 


MS(ES): m/z = 459.2 

(M*+l) 


1 356 |3-(6-((isopropoxy)carbonyl>6J-dihydro-6H- 
lri.41diazeDinor6 7 1-hilindol-1-vlV4-/'fi mAthT/i 

inxidazori,2-a]pyridin-3-yl)-2,5-dioxopvcro 


MS(ES): m/z = 483.9 
(NF+1) 


1 357 |3-(6-{(isopropoxy)carbonyl)-6J-(lihydro-6H- 
i lri,41diazei>iiior6 7 l-hilmdn1-l-vlVJ_/7 m«>th\ri 
imidazo[l ,2-a]pyridin-3-yl>-2 f 5-dioxopyrrole 


ImS(ES): m/z = 484.0 
|(M +1) j 


1 358 |3-(6-((isopropoxy)carbonyl)-6J^ydro-6H- 

lri«41diazer)inorfi 7 1-hi ijnrinI-1-vn_ii_fC matk,ri 

imidazole £-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 484.0 
(ftT+1) j 


1 359 |3-(6-((morpholin^yl)carbon^^ 

Ml A 1 diazeoi no r6 7 1 -h i 1 in rlnl - 1 -vl ^ a pj m a 
iiiiidazori£-a]pyri^ 


MS(ES): m/z = 509.0 
(MH-1) 


j 360 |3<(6^morpholin-4-yl)ca^ 

[l,4]diazepino[6J,x-hi]indol-l-yl>4-(6-methyl- 
iiixidazo[l,2-a]pyridin-3-yl)-2,5^oxopyxTO]e 1 


MS(ES): m/z = 508.9 
(M*+l) 


1 361 j3<9-fluoro^((morpholm^y 

j ^-[l,4]diazepino[6,7,l-hi]indol-l-yl>4-(6-methyl- 

^dazori,2-a]pyridin-3-yl)-2,5-dioxopynx)le f 


MS(ES): m/z = 527.0 
(M++1) 


1 362 |3-(6-((morpholin^-yl)carlx)nyl)-6J-dihydro^H- 

[l,4]diazepino[6J4-hi]indol-l-yl)-4-(5-methyl- i 
imidazo[l^-a]pyridin-3-yl)-2,5^oxopynole I 


MS(ES): m/z = 509.0 


363 3-(9-fluoro-6-((isopropoxy)caibonyl)-6 ,7-dihydro-6H- |MS(ES): m/z = 488 1 
[l,4]diazepino[6JJ-W]indol-l-yl)-4-<8-.methyl- (M^+l) 
iiiiidazo[l^a]pyridin-3-yl)-2,5HlioxopyiTole I I 


364 |3-(6-((isopropoxy)carbonyl)-6,7-dihydro-6H- h 
[l,4]diazepino[6J4-fii]indol-l-yl)^(8-fiuoroim \( 
azo[l^-a]pyridin-3-yl)-2,5-<xioxopyxTOle 1 


VIS(ES): m/z = 488.2 
M*+l) 


j 365 |3<9-fluoro-6-((piperi^^ I 
1 OT-[l,4]dia2epino[6,7,l-hi]indol-l-yl)^- ( 
(imidazo[l^-a]pyridin-3-yl)-2 > 5^oxopyiTole 


v«S(ES): m/z = 513.2 
M++1) 


1 366 |3<6K(moiphohn^yl)carbonyl)^J^hydn>-6H- k 
[l f 4]diazepino[6,7, l-M]indol-l-ylHK6-fluoroimid- \( 
azo[l,2-a]pyridin-3-yl)-2,5-dioxopyiTOle 1 


AS(BS): m/z = 515.1 
M*+l) 


J 367 |3-(6-((pipericiin-l-yl)caitonyl)^J^ydro-OT- ft 
1 [l,4]diazepino[6,7J-hi]mdo \Q 
azo[l,2-a]pyriclin-3«YlV2.5-dioxopyxTole 1 


flS(ES): m/z = 513.0 
frf*+l) 


368 p^e-Cbutyiyl^J^ydro^H-Cl^diazepinoteja- MS(ES): m/z = 468 

hi]indoi-l-yl)-4-(6-i^ j 
1 |2,5-dioxopyrrole * | | 
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369 


3-(6-(butyiyi)-6,7-dihydro-6H-[l ,4]diazepino[6,7, 1- 
hi]uidol-l-yl>4-(7-methoxyimidazo[l ,2-a]pyridin-3- 
yl>2 f 5-dioxopyrrole 


MS(ES): m/z = 484 
(M++1) 


370 


3-(6-(isopropoxycarbonyl)-6J-<Mhydro-6H-[l,4]diaze- 
pmo[674-hi]indol-l-yl)-4-{7-methoxyimida2o[l ^« 
a]-pyridin-3-)d)-2,5-dioxopyrrole 


MS(ES): m/z = 500 
(M++1) 


371 


3K6-((piperidin-l-yl)caibonyl)-6J-dmydn>-6H-[l,4]-r 
diazepino[6JJ-hi]indol-l-yl)^(7-methoxyimidazo- 
[i;2-a]pyridin-3-yl>2,5^oxopyrrole 


MS(ES): m/z = 525 
(M++1) 


372 


3-{6-((morpholin-4-yl)carbonyl)^J-dihydro-6H- 

[l^l-diazepmofej.l-hilindol-l-ylH^S- 

fluoroinudazo[l,2-a]pyridin-3-yl>2,5-dioxopyirole 


HRMS(ES): m/z = 
515.1849 


373 


3-{6-((morphoUn-^yl)carbonyl)-6,7-dihydro-6H- 

[l,4]Hfiazepino[6,7,l-hi]indol-l-yl)-4-(8-inethoxy- 

inudazo[l,2-a]pyridin-3-yl)-2,5-^oxopyrrole 


MS(ES): m/z = 527.2 
(M++1) 


374 


3^6-((moipholin-4-yl)carbonyl)^J^ihydio-6H- 

[l,4]-diazepino[6 l 7 > l-hi]indol--l-yl)-4-(8-benzyloxy- 

imidazofl^-alpyridin-S-yl^^-dioxopyrrole 


MS(ES): m/z = 603.2 
(M++1) 


375 


3-(6-((morpholin-4-yl)carbonyl)-6J-<iihydio-6H- 
[ 1 ,4] -di azepino [6,7,1 -hi] indol- 1 -yl>4-(7- 

chloroimidazo[l,2-a]pyridin-3-yl)-2,5-<iioxopyrrole 


MS(ES): m/z = 530.9 
(M++1) 


376 


3K6-((pipmdin-l-yi)cait)onyl>6J^ydrc>-6H-[l,4]. 

diazepino[6,7,l-hi]indol-l-yl)-4-(8-methoxy- 

imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z - 525.0 
(M++1) 


377 


3-(6K(isopropoxy)caibonyl>6J-<Uhydro-6H-[l,4]- 
diazepino[6,7,l-hi]iiidol-l-yl)-4-(8-niethoxy- 
imidazofl^-alpyridin-S-ylV^S-dioxopyrrole j 


MS(ES): m/z = 499.9 
(MVl) 


378 


3K6<(piperidin-l-yl)carbonyl)-6,7-dihydro-6H 

diazepino[6,7,l-hi]indol-l-yl)-4-(7- 

chloroimidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 546.9 
(M++1) 


379 


(W->3-(7-methyl-6-isobutyryl-6,7-dihydro-6H- 
l,4]diazepino[6J4-hi]indol-l-yl)-4^iiiiidazo[l^-a]- 
pyridin-3-yl>2,5-dioxopyrrole 


HRMS: m/z = 
468.2031 


380 


(-)-3-(7-methyl^-isobutyi^-6,7-dihydro-6H- 

1 ,4]diazepino[6,7J-W]indol-l-yl)4-(iimdazo[l ,2-a]- 

jyimm-j -yi/-z,j -uioxopyrroi e 


HRMS: m/z = 
468.2006 


381 


(+>3-(7-methyl-6.isobutyryl-6,7-dihydn)-6H- 

l,4]diazepino[6J,l-hi]indol-l-yl)-4-(imida2o[l^-a]- 

pyridin-3-yl)-2^-<lioxopytrDle 


HRMS: m/z = 
168.2040 


382 

( 


[+>3<7-methyl^(N^-[dimethyl]aminocaibonyl> 

5J-^ydro-6H-[l,4]diazepino[6,7,l-lii]indol-l-yl>4- 

:iniidazo[l^-a]pyridin-3-y])-2,5-dioxopyirole 


FIRMS: m/z = 
(69.1981 (M++1) 


383 

< 


:+>3<7-methyl-6^^-[dimethyl]aminocaibonyl)- 1 
5,7^ydro-6H-[l,4]diazq)ino[6,7,l-hi]indol-l-ylH- 
iinidazo[l^-a]pyiidin-3-yl)-2,5-dioxopynole 
lydrochloride 


vISCES): m/z = 496.1 
M++1) 
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384 


(-)-3-(7-methyl-6-(NjNf-[dimethyl]aminocarbonyl)- 

6J-dmydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)^- 

(iniida2o[l^-a]-pyridin-3-yl)-2,5-dioxopyrTole 


HRMS: m/z = 
496.1990 


385 


(-)-3-(7-methyl^(N,N-[dimethyl]aminocarbonyl> 
ej^ydro^H-Cl^lcyaz^inoCeja-hilindol-l-ylH- 
(imidazo[l,2-a]-pyridin-3-yl)-2,5-dioxopyrrole 
hydrochloride 


MS(ES):m/z = 496.1 
CVT+1) 


386 


(4^/->3-(7-inethyl-6-((morpholin^l-yl)carbonyl)-6,7- 

dihydro-eH-Cl^diazepinoiej.l-hiJindol-l-ylH- 

(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = * 
5il.2085 


387 


(+)-3-(7-methyl-6-((morphoUn-4-yl)carbonyl)-6,7- 
dU^ydro-6H-[l,4]diazepino[6J4-hi]indol-l-yl)-4- 
(imidazo[l^-a]-pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 511.1 
(MVl) 


388 


(-)-3-(7-methyl-6-((morpholin-4-yl)carbonyl)-6,7- 
dihydro^-[l,4]diazepino[6,7,l-hi]indol--l-yl)-4- 
(imidazo[l £-a]-pyridin-3-yl)-2,5-dioxopyixole 


MS(ES):m/z = 511.1 
(M*+l) 


389 


3-(6-((piperidin-l-yl)cart>onyl)-6,7-dihydio-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(7-chloro- 
imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrTole 


HRMS: m/z = 
529.1170 


390 


(+)-3-(7-methyl-6-((piperidin-l-yl)carbonyl>6,7- 
dmydro-6H-[l J 4]diazepino[6,7,l-hi]indol-l-yl)^-(7- 
chloroimidazo [ 1 ,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
543.1915 


391 


(^S^-methyl-e^Cpiperidin-l-yl^arbonyl^ej- 

dihydro-6H-[l,4]diazepino[6,7,l"hi]indol-l-yl)-4-(6- 

metoylimidazo[l,2-a]pyridin-3-yl)-2^-dioxopyiiole 


HRMS: m/z = 
523.2465 


392 


3-(6-((isopropoxy)cail)onyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(7-chloro- 

iinidazo[l,2-a]pyridiii-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
504.1440 


393 


3-(6-((cyclopropyl)carbonyl)-6 ? 7-dihydro-6H- 

[l,4]dia2epino[6,74-hi]indol-l-yl)-4^imidazo[l,2- 

a]pyridin-3-yl>2,5-dioxopyrrole 


HRMS: m/z = 
452.1706 


394 


3-(6^isobutyryl)-6J-dihydro-6H-[l > 4]diazepino- 
[6J4-W]indol-l-yl)^imidazo[2,l-b]thiazol-3-yl)- 
2,5-dioxopyrrole ! 


HRMS: m/z = 
460.1443 


395 


3-(6-((morphohn^yI)cari>onyl)-6,7-dihydro-6H- 
;i,4]dia2»pino[6J4-hi]indol-l-yl>4-(iiiiida2o[2,l- 
bJthiazol-S-yl^S-dioxopyrrole 


HRMS: m/z = 
503.1494 


396 


3-(6-((piperidin- 1 -yl)carbonyl>6,7-dihydro-6H- 
l^Jdiazepinote^.l-hilindol-l-ylM^thiazoloP^- 
)][l,2,4]tria2ol-6-yI>2,5-dioxopyrrole 


HRMS: m/z = 
502.1675 


397 


3-(8-((2-methoxyeth-l-oxy)carbonyl)-[l,5]diazaper- 

hyd^nino[8^,l-W]indol-l-yl)-^^ 

dioxopyrrole 


MS(ES):m/z = 514 
(M*+l) 


398 


3-(6K(isobutoxy)caibonyl)^J^3toydro-6H- 

1 ,4]diazepino[6,74-hi]indol-l-yl>4-(imidazo[l ,2- 

a]pyridin-3-yl)-2,5-dioxopyirole 


MS(ES): m/z = 484 
(M*+l) 
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399 


3-(6-((propoxy)carbonyl)-6,7-dihydro-6H- 

[l,4Jdiazepmo[6J4-lH]mdol-l-yl)-4-(iinidazo[l^- 

a]pyridin-3-yl>2,5-dioxopyrrole 


MS(ES):m/z=470 
(NT+1) 


400 


3-{6-((neopentoxy)cartH>nyl)-6,7-dihydro-6H- 

1 1 »4J aiazepino [6,7, 1 -hi Jindol- 1 -yl)-4-(imidazo[l ,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 498 
(M++1) 


401 


3-(6-((2-fluoroeth-l-oxy)carbonyl)-6 > 7-<lihydro-6H- 
Li ,4jaiazepmo[o,7, 1 -hi Jrndol- 1 -yl)-4-(imidazo [ 1 ,2- 
a]pyridin-3-yl)-2,5-dioxopym>Ie 


MS(ES): m/z = 474 
(M++1) 


402 


3<6-((phenoxy)carbon5d>6,7-dihydro-6H- 

Li,4jcuazepmo[6,74-nijmaol-l-yl)-4-Qmidazo[l,2- 

a]pyridin-3-yl)-2^-dioxopyirole 


MS(ES): m/z = 504 ! 
(M++1) 


403 


3-(6-((isopropoxy)carbonyl)-6,7-dihydrc>-6H- 
Ll,4jclia2epino[6,7 1 l-hi]maol-l-yl)-4-(6-methoxy- 
imidazo[l ^-afryridin-S-yl^.S-dioxopynole 


MS(ES): m/z = 500 
(M++1) 


404 


3-(6-((piperidta-l-yl)caibonyl>6J^ydi<>-6H- 
[1 ,4Jaiazepmo[6 J J-hi]indol-l-yl>4-(6-methoxy- 
imidazo[l t 2-a]pyridin-3-yl)-2,5-dioxopynole 


MS(ES): m/z = 525 
(M++1) J 


1 405 


3-(6-((isobutoxy)carbonyl)-6,7-dihydn>-6H- 
L a iHjaiazepinoio^ , 1 -nijindol- 1 -yl)-4-(6-chloro- 
imidazo[l ^-alpyridin-S-yl^.S-dioxopynole 


MS(ES):m/z = 518 
(M++1) 


406 


3-(6-((piperidin-l-yl)carbonyl)-6,7^ydro-6H- 
Li,4jaiazepmolo,7,l-nijmaol-l-yl)-4-(6-chloro- 
imidazo[l ^a]pyridin-3-yl>-2,5-dioxopyrrole 


MS(ES): m/z = 529 
(M++1) 


407 


3-(6-((pipendin-l-yl)carbonyl)-6,7-dihydro-6H- 
l,4jaiazepmoLo,7,l-nijindol-l-yl)-4-(6-brorao- 
imidazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 574 _ 1 
(M++1) 


408 


3-(6-((isopropoxy)c^bonyl)-6,7-dihydn>-6H- 
l,4jdiazq)ino[6,74-4u]indol-l-yl)-4-(7-ethyl- 
imidazo[l^-a]pyridin-3-yl)-2 > 5-dioxopyiTole 


MS(ES): m/z = 498 
(MT+1) 


409 


3K6-((piperidin-l-yl)carbonyl)^,7-dihydn>-6H- 
l^ldiazepino^Jjl-hiJindoM-ylH-fZ-ethyl- 
Lmidazo[l ^-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 523 j 
(M*+l) 


410 


3-(6-((2-methoxyeth-l-oxy)carbonyl)^,7^ydn)-6H- 
l,41diazeDirior6 7 l-hilindo1-1-vIV4-/irnidn'7r»ri o i 

a]pyridin-3-yl>2,5-dioxopyrrole 


MS(ES): m/z = 486 
,M +1) 


411 

i 


3-(6-((pipendin- 1 -yl)carbonyl)-6,7-dihydro-6H- 
l,4]diazepino[6,7,l-hi]indol-l-yl>4-(6-isopropyl- 
midazofl ,2-a]pyridin-3-yi)-2,5-dioxopyrrole 


V1S(ES): m/z = 537.4 


412 


^(6-((isopropoxy)caiix)nyI)-6,7Hjihydn)-6H- 

l,4]diazepino[6 f 74-hi]indol-l-yl>4-(6-isopiopyl- 

midazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 


vlS(ES): m/z = 512.4 
M*+l) | 


413 


K6-((moipholin^yl)caibonyl^ 

,4]dia2»pino[6,74-hi]indol-l-yl)^iiDidazo[l,2- 
t]pyrimidin-3-yl)-2 t 5-<iioxopyrrole 


dS(ES): m/z = 496.1 
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414 


3-(6-((piperidin- l-yl)caibonyl)-6,7-<iihydro-^H- 
[ 1 ,4]diazepino [6,7, 1 -hi]indol-l-yl)-4-(imidazo[ 1 2- 
a]pyrimidin-3-yl)-2,5-dioxopyErole 


MS(ES): m/z = 496.1 I 
(MM) 


415 


3<6-((isopropoxy)carbonyl}-6 l 7-dihydro-6H- 

[l,4]diazepino[6,7,l-W]indol-l-yl)^(imida2o[l^- 

a]pyrimidin-3-yl)-2 l 5-dioxopyrrole 


MS(ES):m/z = 471.1 


416 


3-(6-((moipholin-4-ylX5arbonyl)-6,7-dihydro-6H- 
[l,4]diazepino[6J4-hi]indol-l-yl>4-(7-ainino- 
imidazofl ^-a]pyrinudin-3-yl)-2,5-dioxopynole 


MS(ES):m/z = 513 
(MM) 


417 


3-(6-((morpholin^yl)caibonyl>6,7Klihydro-6H- 

[l^diazepino^JJ-Wlindol^-yO^iinidazotl^- 

c]pyrimidin-3-yl)-2^-dioxopyrrole 


MS(ES): m/z = 498 i 
(MM) 


418 


3-(6-((piperidin-l-yl)carbonyl)-6J-<iihydro-6H- 
[l,4]diazepino[6,74-hi]indol-l-yl)-4-(7-amino- 
imidazo[ 1 ,2-a]pyiimidin-3-yI)-2,5^oxopym>te 


MS(ES): m/z = 5113 
(MM) 


419 


3-(6-((piperidin-l-yl)carbonyl)^jKiihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(6-ethyl- 

imidazo[l,2-a]pyrimidin-3-yl)-2,5^oxopyiro 


MS(ES): m/z = 523 
(MM) 


420 


3-(6^(dipropylamino)caibonyl)-6,7-<lihydro-6H-[l,4]- 
diazepino[6,7,l-hi]indol-l-yl)-4-(4,5,6,7--tetrahydro- 
pyrazolo[ 1 ,5-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS:m/z = 
515.2756 (MM) 


421 


3-(6-((dipropylamino)caibonyl>6 ,7-dihydro-6H-[l ,4]- 

diazepino[6,7,l-hi]indol-l-yl)-4-(pyra2olo[l,5-a]- 

pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
511.2440 (MM) 


422 


3-(6-((dibutylamino)caibonyl)^J-^y<jto-6H-[l,4]- 

diaz»pino[6J,l-hi]indol-l-yl)^(imidazo[l,2-a]- 

pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
539.2751 (MM) 


423 


3^6Kisobutyiyl)^J-dihydn)-6H-[l,4]-diazepino- 

[6J4-W]indol-l-yl)-4Kpyrazolo[l,5-a]pyridin-3-yl)- 

2,5-dioxopyirole 


HRMS: m/z = 
454.1879 (MM) 


424 


3-(6^(dimethylamino)carbonyl)-6J-^ydro-6H- 

[l,4]Hdiazepino[6J4-hi]indol-l-yl)-4-(pyrazolo[l f 5- 

a]-pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
455.1832 (MM) 


425 


3^6-(isobutyryl>6jKiihydro-6H-[l,4]-dia2epino- 

[6J4-hi]indol-l-yl)^(4^ l 6J-tetrahydiopyrazolo- 

[l^-a]pyriddn-3-yl>-2,5-dioxopyrrole 


HRMS: m/z = 
458.2192 (MM) 


426 


3^6-((diiiiethylamino)c^onyl)^,7-dihydio-6H- 
[l^J^azepinotej.l-hilindol-l-ylHK^S.ej- 
tetrahydn>-pyimolo[l,5-a]-pyridin-3-yl)-2,5- 
dioxopyrrole 


HRMS: m/z = 
459.2145 (MM) 


427 


3<6-((morpholin^yl)caibonyl)^,7^ydio-6H- 
[l,4]-diazepino[6,7,l-hi]indoH-yl>4-(4,5,6,7- 
tetrahydro-pyrazolo[l,5-a]pyridin-3-yl)-2^- 
dioxopyrrole \ 


HRMS: m/z = 
5012250 (MM) 


428 


3-(6K(dipiopylanmio)caibo^ 

diazepino[6J4-hi]indol-l-yl)-^(imidazo[l^-a]- 

pyridin-3-yl)-2,5-<ftoxopyirole 


HRMS: m/z = . 
511.2458 (MM) 
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429 


3-(6-((morpholin^-yl)carbon>d)^J^hydn>6H- 

[l,4]-diazepino[6,7 f l-hi]indol-l-yl)-4-(pyrazolo[l,5- 

a]-pyridto-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
497.1937 (M++1) 


430 


3-{6-((moipholin^yl)carbonyl)-6J-dihydix)-6H- 
[l,4]-diazepiiio[6J,l-hi]iiidol-l-34>4-(5,6,7 f 8- 
tetrahydix>-iiiiid^o[l^-a]pyridin-3-yl)-2,5- 
dioxopyrrole 


HRMS:m/z = 
501.2250 (M*+l) 


431 


3-(6-((dipropylamino)carbonyI)-6J-dihydro-6H-[l,4]- 
diazepino[6J,l-hi]indol-l-yl)^5,6J,8-tetrahydro- 
imidazofl ^-a]pyridin-3-yl)-2, 5-dioxopyrrole 


HRMS: m/z = 
515.2771 (M*+l) 


432 


3<9-cWoro-6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]- 

indol-l-yl>4-{imidazo[l,2-a]pyiidin-3-yl)-2,5- 

dioxopyrrole 


HRMS: m/z = 
418.1071 (MN-l) 


433 


3-(9^hIoro-6-((moipholin-4-yl)carbonyl)-6,7-dihydiD- 

eH-fl^diazepinotej.l-hijindol-l-ylH- 
(inudazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
531.1548 0^+1) 


434 


3-(9-chloro^-((dipmpylamino)carbonyl>6J-<lihydro- 
6H-[l,4]diazepino[6,7a-hi]indol-l-yl)-4- 
(imidazo[l ^-a]pyridin-3-yl>2,5-dioxopyrrole 


HRMS: m/z = 
545.2068 (M*+l) 


435 


3-(6-((diethylamino)carbonyl)-6J-dihydro-6H- 
[ 1 ,4]diazepino[6,7, 1 -hijindol- 1 -yl)-4-(imidazo[ 1 ,2- 
a]pyridin-3-yl)-2,5-dioxopynole 


HRMS: m/z = 
483.2145 (M++1) 


436 


3-(6-((4-phenylpyrazin-l-yl)carbonyl)-6,7-dihydro- 
6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4« 
(imidazo [ 1 ,2-a]pyridin-3-yI)-2^-dioxopyrrole 


HRMS: m/z = 
572.2410 (MT+1) 


437 


3-(6-((^-2,6-dimethylmorpholin-4-yl)carbonyl)-6,7- 
dihydro-eH-fl^Jdiazepinotej.l-hilindol-l-}!)^ 
(imidazo[l £-a]pyri(ftn-3-yl)-23-dioxopynx>le 


HRMS: m/z = 
525.2250 (M++1) 


438 


3-(6^(4,4-dimethylpiperidin-l-yl)caibonyl>-6 9 7- 
dihydro-dH-tl^Jdiazepinofej^-hiluidol-l-yl)-^ 
(imidazo[l £-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
523.2458 (M*+l) 


439 


3-(6-((imidazol-l-yl)carbonyl)^J^ydro-6H- 

tl,4]diazepino[6J4-hi]indol-l-yl)^imidazotl,2- 

a]pyridin-3->i)-2,5-dioxopyn , ole 


HRMS: m/z = 
478.1628 (M*+l) 


440 


3-{6-((cis-2 > 6-dimethylmorpholin^yl)caitK)nyl)^,7- 
dihydbro^H-[l,4]diazepino[6J4-hi]indol-l-yl)-4- 
(5,6J,8-teti^ydroimidazotl,2-a]pyridin-3-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 529.3 
(MM) 


441 


3-(6-((^-2,6-dimethylmorpholin^)4)carbonyl)-6,7- 

dihydro-eH-tl^ldiaz^inoCeja-hilindol-l-ylH- 

(pyrazolo[l3-a]pyridin-3-yl)-2 f 5-dioxopyirole 


HRMS: m/z = 
525.2250 (M*+l) 


442 


3-(6-((^-2,6-diniethylm^ 
dihydro^-tl^diazepinofej^-hilindol-l-ylH- 
(4 l 5 f 6J-tetrahydropyia2»lo[l,5-a]pyridin-3-yl)-2 f 5- 
dioxopynole 


HRMS: m/z = 
529.2563 (M++1) 
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443 


3-(6-((4-methylpiperazin-l-yl)catbonyl)-6,7-<lihydro- 

6H-[l,4]diazepino[6,7,l-hi]indol-l-yl>4- 

(imidazo[l,2-a]pyridin-3-yl)-2 t 5-dioxopyxrole 


HRMS: m/z = 
510.2254 (M++1) 


444 


3-(9-chloro-6-((piperidin- 1 -yl)caibonyI)-6,7-dihydro- 

6H-H 41dia7^ninnlYi 7 1 -hilinrinl-1 \A\-A 

\jxx l ± ,"-r J UJ. O-tiV'JJllJLU ^li , / , ±*IUJUlUlJJ-±-yi^-*f— 

(imidazo[l ,2<|pyridin-3-yl)-2,5^oxopyrTole 


HRMS: m/z = 

<C50 1T7C /x>r+ , f\ 


445 


3-(6-(butyryl>6J^ydro-6H-[l,4]diazepino[6,7,l- 

W]indol-l-yl)^(8-cWoroiiriidazo[l^-a]pyridin-3-yl> 

2,5-dioxopyrrole 


HRMS: m/z = 
488.1489 (M++1) 


446 j 


3^6K(piperidin-l-yl)caibonyl)-6J-dihydro-6H- 
[l,4]diaz»pino[6,7,l-hi]indol-l-yl>4-(8-chloro- 
imidazo[l^-a]pyridin-3-yl)-2 > 5-dioxopycrole j 


HRMS: m/z = 
529.1775 0^+1) 


447 


3-(6-((isopropoxy)carbonyl)-6 f 7-dihydro-6H- 
[l,4]diazepino[6 t 7,l-hi]indol-l-yl>4-(8K:hloro- 
imidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopynole 


HRMS: m/z = 
504.1339^+1) 



EXAMPLE 448 

3-(6-gly<^l-[l JjdiazopeAydro 

dioxopynole trifluoioacetate 
5 Combine 3-([l J]diazoperhydrooiuno[ 

dioxopyrrole (90 mg, 0.22 mmol), N-[tert-butoxycaibonyl]glycine (40 mg, 0.22 mmol), 4- 
N,N-dimethylaminopyridine (10 mg), triethylamine (0.091 ml, 0.66 mmol) and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (63 mg, 0.33 mmol) in 
dichloromethane (5 ml) and stir at room temperature overnight. Load the reaction 
10 mixture directly onto a 10 gram SCX™ Varian column, wash sequentially with methanol 
and 2.0 M ammonia in methanol. Combine fractions and concentrate under reduced 
pressure. Slurry the residue in dichloromethane (5 ml), add trifluoroacetic acid (1 ml), 
and stir for 1 hour. Concentrate under reduced pressure, treat the residue with diethyl 
ether, and filter the suspension to provide the title compound as a yellow solid. 
15 HRMS: 469.1891. 



The compounds or EXAMPLES 449-482 may be prepared essentially as described 
in EXAMPLE 448. 



Example 


Compound 


Data 


449 


3K6-(propionyl>5,6 > 7,84etaliydro-6H-[l,4]diazo- 

c^ot7,8,l-hi]indol-l-yl)-4-(imidazo[l^-a]pyridin-3- 

yl>2,S-dioxopynole 


MS(ES): m/z = 454.5 
(M*+l) 


450 


3^6^butyiyl>5,6J,8-tetrahydr(>^-[l,4](iiazocino- 
[7,8a-hi]indol-l-yl)^iinidazo[l>a]pyridin-3-yl). 
2,5-dioxopyrrole 


MS(ES): m/z = 468.6 
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451 


3-(6-(isobutyryl>5,6 J,8-teti^ydrc>-6H-[l ,4]diazo- 

cino[7,84-hi]indol-l-yl)-4-(iiiiidazo[l,2-a]pyridin-3- 

yl)-2,5-dioxopyrrole 


MS(ES):m/z = 468.6 
(M*+l) 


452 


3^6Kisobutyiyl>5,6J,8-tetrahydro-6H-[l,4]diazo- 
cino[7,84-hi]indol-l-yl)-4-(furo[3,2-c]pyridin-7-yl)- 
2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 469.2 
(M*+l) 


453 


3-(6-(methoxyethoxyacetyl)-5,6,7,^ 

[l,4]cfcazocino[73,l-bi]indol-l-yl^^ 

2,5-dioxopytrole 


MS(ES): m/z = 514.2 
(M*+l) 


454 


3-(6-(methoxyethoxyacetyl)-5,6,7,8-tetrahydro-6H- 
[l,4]diazocino[7,8,l-hi]indol-l-yl>4-(benzcH 
[1 ,3]dioxol-4-yl)-2,5-dioxopyiTOle 


MS(ES):m/z = 518.2 
(M++1) 


455 


3-(6-((l-(t^-butoxycarbonyl)piperidin-4- 
yl)carbonyl)-5,6,7,8-tetrahydro-6H- 
[l^diazocmo^.S.l-hiJindol-l-yO-^furoP^- 
c]pyridin-7-yl)-2^-dioxopyrrole 


MS(ES): m/z = 610.2 
(M*+l) 


456 


3-(6-(pyrazin-2-ylcarbonyl)-5,6,7,8-tetrahydro-6H- 

[l,4]diazcK:mo[7,8,l-hi]indol-l-yl)-4-(benzoftir-7-yl> 

2,5-dioxopyrrole 


HRMS: m/z = 
504.1678 (M^+H) 


457 


3-(6Kpropionyl)-6J-dihydro-6H-[l f 4]diazepino[6,7,l- 
hijindol- l-yl)-4-(23-dihydrooenzo [ 1 ,4]<uoxin-4-yl)- 
2,5-dioxopyrrole 


HRMS: m/z = 
458.1729 (NT+H) 


458 


3-(6-(^thoxyethoxyacetyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(benzofur-7-yl)- 

2,5-dioxopym)le 


MS(ES): m/z = 500 
(M*+l) 


459 


3<6-(N,N-dimethylglycyl)^J-dihydro-6H- 

[l,4]diazepmo[6J4-hi]mdol-l-yl>4-(benzofur-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 469 
(M*+l) 


.460 


3-(6-((pyridin-3-yl)carbon)d)-6J-dihydto-6H- 

[l,4]diazepmo[6J,l-hi]mdol-l-yl)-4-(benzofur-7-yl)- 

2,5-dioxopyrrole 


MS(BS): m/z = 489 
(M^+1) 


461 


3-(6-(pyrazin-2-ylcarbonyl)-6,7-dihydro~6H- 

[ 1 ,4 J diazepino [o ,7 , 1 -nijinaol- l-yI)-4-(Denzoiur-7-yIj- 

2,5-dioxopyrrole 


MS(ES): m/z = 490.2 
(M. +1J 


462 


3^8-(isobutyiyl)-[l,5]diazoperhydrooninot8,9,l-hi]- 

in(fol-l-ylMKbenzo[13]dioxol-5-yl)-2,5- 

dioxopyrrole 


HRMS: m/z = 
486.2029 (M*+H) 


463 


3-(8-(N,NKiimethylglycy^ 

[8,94-M]-indol-l-ylH-(benzofur-7-yl>^ 

dioxopycrole 


MS(ES): m/z = 497 
(MN-l) 


464 


3-(8-((pyrazin-2-yl)caibonyl)-[l ,5]diazopeihydio- 

onino[8£4-hi]-indol-l-ylM^i^ 

dioxopyirole 


MSCBS): m/z = 518 
(M++1) 


465 


3-(6<oxoacetyl>67-dihydio-6H-[l,4]diazepino[6,7, 1- 

hi]indol-l-yl)^fim)[3^]pyridin-7-yl)-2^- 

dioxopyrrole 


MS(ES): m/z = 456.2 
(MM) 
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466 


3^6-((pyridin-3-yl)caibonyl)^jKiihydro-6H- 

[ 1 ,4] diazepino[6,7, 1 -hi]indol- l-yl)-4-(6-methylimid- 

azo [ 1 ^-alpyridin-S-yO^S-^fioxopytrole 


MS(ES): m/z = 503.0 
(NT^+1) 


467 


3K9-fluoro-6-(3^moipholin^yl)propionyl)^J-dihy- 
dro-6H-[l,4]diazepino[6J4-hi]indol-l-yl)-^(imida- 
zo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 543.0 
(M*+l) 


468 


3-(6-(2^-difluoroacetyl)-6 l 7-dihydro-6H- 

tl^diazepino^JJ-hilindoI-l-yO^imidazofl^-a]- 

pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 462.1 
OVT+1) 


469 


3-(6-((3-(moipholin^yl)propionyl)^J-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(8-fluoro- 

imidazo[l,2-a]-pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 543.2 
(M*+l) 


470 


3-(6-((3-(moipholin-4-yl)propionyl)-6 > 7-dihydro-6H- 
[l,4]diazepino[6J4-hi]indol-l-yl)-4-(8-benzyloxy- 
imidazo[l ,2-a]-pyridin-3-yI)-2,5-dioxopyrrole 


MS(ES): m/z = 631.2 
(M*+l) 


471 


3-(6-((telxahydropyi^^yl)carbonyl)^J-dihyd3x>-6H- 
[ 1 ,4]diazepino[6,7, l-hi]indoH-yl)-4-(iiiiidazo[l ,2- 
a]pyridm-3-yl)-2,5-dioxopyirole 


HRMS:m/z = 
496.1975 


472 


3K6-((pyricHn-3-yl)carbonyl)-6J-dihydro-6H- 

[l^diazepino^J.l-hilindol-l-y^^CiniidazoIl^- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 489 
(M*+l) 


473 


3-(6-((6-methylpyridin-3-yl)carbonyl)-6,7-dihydro- 
6H-[l,4]diazepino[6,7,l-hi]indol-l-yl>4- 
(imidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopynt)le 


MS(ES): m/z = 503 


474 


3-(6-((pyridin-2-yl)caibonyl)^,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(6-chloro- 

linn ifltiU[ jl ,z.-*ijpyiiuiii- j-yij-Mff j -uiuAupjf iiuio 


MS(ES): m/z = 523 
(M*+l) 


475 


3-(6-((pyridin-3-yl-NK)xide)carbonyl)-6,7-dihydrc>- 
6H-[l,4]diazepino[6,7,l-hi]indol-l-yl>4- 


MS(ES): m/z = 505 
(M*+l) 


476 


3K6K(2-trifluoromethylpyridin-4-yl)carbonyl)-6,7- 
dihydio-6H-[ 1 ,4]diazepino[6 J4-M)indol-l-yl>4- 
[imidazo[ 1 ,2-a]pyridin-3-yl)-2 t 5-dioxopyiiole 


MS(ES): m/z = 557 
(M*+l) 


477 


3<6-((6K2-(pyrroUdin-l-yl)eth-l-yl)pyridin-3- 
yl)caj*onyl)A7-dihydro-6H-[l,4]diazepino[6,7,l- 
W]indol-l-yl)^imidazo[l,2-a]pyridin-3-yl)-2,5- 
dioxopyrrole 


MS(ES):m/z = 586 
(M*+l) 


478 


3K^((5-(methoxyc*ii>onyl)py^ 
dihydro^H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
urridazo [ 1 ^-a]pyridin-3-yi)-2,5-dioxopyirole 


MS(ES):m/z = 547 
(M*+l) 


479 


3-(6K(4-(cartx>xy)pyridin-^^^ 

6H-[l,4]diazq>ino[6,7,l-hi]indoH-yl)-4- 

(imidazo[l^-a]pyridin-3-j4)-2,5-^oxopyrrole 


MS(ES):m/z = 533 
(MN-1) 
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480 


3-(6-<(pyrazin-2-yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iiiiidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 490 
(MM) 


481 


3-(6-((pyridin-2-yl)carbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iniidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 489 
(MVl) 


482 


3^6-((pyrimidin-5-yl)caibonyl>6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iinidazo[l^- 

a]pyridiii-3-yl)-2 J 5-dioxopyiTole 


MS(ES): m/z = 490 
(M++1) 



EXAMPLE 483 

R-3-(6-((l-methylpym>Udin-^^ 

hi]indoI-l-yl)-4-(imidazo[l,2-a]pyridin-3-yl^^ 
Combine 3-(6,7-dihydro^-[l,4]diazepino[6,7,l^ 
a]pyridin-3-yl>2,5-dioxopyrrole dihydrochloride (175 mg, 0.38 mmol), N- [methyl] -L- 
proline (242 mg, 1.92 mmol), 1-bydroxybenzotriazole (259 mg, 1.92 mmol), N,N- 
diisopropylethylamine (496 mg, 3.84 mmol) and l-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (386 mg, 1.92 mmol) in dimethylformamide (7 ml) and stir at 
room temperature for 3 hours. Pour the reaction mixture into saturated aqueous sodium 
bicarbonate (1 10 ml) and extract with dichloromethane (3 x 100 ml). Dry the organic 
extracts with magnesium sulfate and concentrate under reduced pressure. Subject the 
residue to silica gel chromatography, eluting with dichloromethane containing 2-15% 
methanol to provide the title compound. 
MS(ES): m/z = 495 (M*+l) 



The compounds of EXAMPLES 484-493 may be prepared essentially as described 
in EXAMPLE 483. 



Example 


Compound 


Data 


; 484 


3-(6r(3-(imidazol-4-yl)propionyl)-6,7-dihydro-6H- 
[1 ,4]diazepino[6,7 f l^]indol-l-yl)-4-(imidazo[l>2- 
a]pyridm-3-yl>2,5-dioxopynole 


MS(ES): m/z = 506 
(M++1) 


485 


3-(6Kl-meAylpiperidin-4-yl)carbonyl)-6,7-dihydro- 

6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)^imidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(BS):m/z = 509 
(M*+l) 


486 


3-(6-(3-(morphoUn-^yl)propionyl)-6,7-dihydn>-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)-4-(iinidazo[l^- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 525 
(M*+l) 


487 


3-(6-(imidazol-4-yl)carbonyl)-6,7-dihydix)-6H- 

[l,4]diazepino[6,7,l-W]indol-l-yl)-4-(iinidazo[l,2- 

fllnvridin-3-v1V2.5-dioxonvrm1ft 


MS(ES):m/z = 478 
(M*+l) 
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a]pyridin-3-yl)-2,5-dioxopyiiole 




488 


3-(6-(2-(l , l-<iioxothiomoipholin-4-yl)acetyl)-6,7- 
dihydro-6H-[l,4]diazepino[6JJ-hi]indol-l-yl)-4- 
(imidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyirole 


MS(ES): m/z = 559 
(MT+1) 


489 


3-(6-(imidazol-2-yl)carbonyl)-6,7-dihydro-6H- 

[l^Jdiazepino^.l-Mlindol-l-yO^imidazotl^- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 478 
(MM) 


490 


3^6-(3-(4-nitroimidazol-l-yl)propionyl)-6J-(Uhydio- 
6H-[l,4]diazepino[6JJ-hi]indol-l-yl)^iinidazo[l^- 
ajpynain- j -yi ) -zp-aioxopyiroie 


MS(ES):m/z = 551 
(M*+l) 


491 


3-(6-(3-methyl-6J-dihydropyrrolo[l,2-a]imidazol-6- 

yl)carbonyl)-6,7^ydn>-6H-[l,4]^ 

hi]indol-l-yl)-4-(imidazo[l,2-a]p 

dioxopyrrole 


MS(ES): m/z = 532 
(M++1) 


492 


3-(6-(4-(4-nitroimidazol-l-yl)butyryl)^J-dihydrcH6H- 

!,4]cUazepinot674-hi]indol-l-yl)-4-(imidazo[l t 2- 

a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES):m/z = 565 
(M*+l) 


493 


3-(6-((azetidin-3-yl)carbonyl)-6,7-dihydr(>-6H- 

l,4]cUazepino[6J,l-hi]indol-l-yl>4^imidazo[l,2- 

a]pyridin-3-yl>2,5-dioxopym)le 


HRMS: m/z = 
491.1502 (M++H) 



EXAMPLE 494 
3-(6-((2-(morpholin^yl)eth-l-yl^^ 
[l,4]diazepino[6,7,l-hi]indol-l-yl>^ 

Combine 4-(2-hydroxyethyl)morpholine (79 mg, 0.60 mmol), 
dihydroxysucdnimid-yl carbonate (228 mg, 0.90 mmol) and triethylamine (182 mg, 1.80 
mmol) in acetonitrile (4 ml) and stir at room temperature under nitrogen for 40 minutes. 
Add triethylamine (1 ml) and 3-(6 J-dmydro-6H-[l,4]diazepino[6,7,l-U]indol-l-yl)-4- 
(imida2»[l,2-a]pyridin-3-yl)-2^-dioxopyrrole (274 mg, 0.60 mmol) and stir for 30 
minutes. Pour into saturated aqueous sodium bicarbonate (1 10 ml) and extract with 
dichloromethane (3 x 100 ml). Combine organic phases and wash with saturated aqueous 
sodium chloride (250 ml), dry over magnesium sulfate, and concentrate under reduced 
pressure. Subject the residue to silica gel chromatography, eluting with dichloromethane 
containing 1-10% methanol to provide the title compound 
MS(ES): m/z = 541 (M*+l) 
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The compound in the following table may be prepared essentially as described in 
EXAMPLE 494. 



Example 


Compound 


Data 


495 


3-(6-((2-(pyn:olidin-2-on-l-yl)eth-I-yl)oxy)carbonyl)- 
6J-dihydro-6H-[l,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(imidazo[l ,2-a]pyridin.3-yI>2,5-dioxopynole 


MS(ES):m/z=540 
(M*+l) 



EXAMPLE 496 

3K6^(piperazm-l-yl)c^ 

(imidazo[l,2-a]pyridin-3-yl)-2,5-dioxopyrrole 
Add l-methyl-3K(4-(tm-butoxycarto^ 
iodide (0.925 g, 0.218 mmol) to 3-(6 ,7-dihydro-6H-[l,4]diazepino[6 ,7,l-hi]indol-l-yl)-4- 
(imida2»[l,2-a]-pyridin-3-yl)-2,5-dioxopyiTO^ dihydrochloride (0.50 g, L09 mmol) and 
triethylamine (0.66 g, 6.58 mmol) in N JsT-dimethylfonnamide. Stir at 20°C for 6 hours. 
Add 2 M ammonia in methanol (50 ml) and concentrate under reduced pressure. Subject 
the residue to silica gel chromatography, eluting with ethyl acetate to provide an orange 
solid. Dissolve the solid in ethyl acetate (20 ml) and add ethanethiol (0.5 ml) followed by 
4 M hydrogen chloride in g-dioxane (20 ml). Stir 1 hour at 20°C. Concentrate under 
reduced pressure and subject the residue to preparative reverse phase high pressure liquid 
chromatography (Kromasil KR100-10C18-250P2), eluting with 5-65% acetonitrile in 
0.03% hydrochloric acid to provide the title compound as an orange solid 
HRMS: m/z = 496.2097 OVT+H) 



The compounds of EXAMPLES 497-501 may be prepared essentially as described 
in EXAMPLE 496. 



Example 


Compound 


Data 


497 


3<6<(NJN-[di^2-methoxyeth-l-yl)]amino)carbonyl)- 
6J^ydn>^-[l,4]diazepino[6JJ-hi]indol-l-ylH- 
(imidazo[l,2-a]pyridin-3-yl)-2^-dioxopyrrole 


HRMS: m/z = 
543.2353 (M++1) 


498 


3^6^(NJN-[diKisobutyr34)]aniino)carbony]>6,7- 
dihydro^-[l,4]diazepino[6,7,14ii]indol-l-yl)-4- 
(imidazo[l ,2-a]pyridin-3-yl>-2^-dioxopym)le 


HRMS: m/z = 
539.2768 (MVl) 


499 


3K6<([l,4]oxazepin^>1)cartK)nyl>«J-dihydro-6H- 

[l,4]diazepino[6J4-M]indol-l-yl)U^imidazo[l,2- 

a]pyridin-3-yl)-2,5-dioxopyn:ole 


HRMS: m/z = 
511.2103 (MVl) 


! 500 


3-(6-((N J^-fdi^isopropyl^ainino^arbonyl^J- 

dmydro-eH-Il^diazepinofej.l-hilindol-l-ylH- 
(imidazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole 


HRMS: m/z = 
511.2458 (M*+l) 
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501 



3~(6-((piperidin-4K>n-l-yl)caAonyl)-6J-<lihydK^^ 
[1 ,4]diazepino[6,7, l-hi]indol-l-yl)-4^imidazo[l,2- 
a]pyridin-3-yl)-2,5-dioxopyrrole 



HRMS: m/z = 
509.1937 (M*+l) 



10 



15 



EXAMPLE 502 
3^6-(aminosulfonyl)-6,7-dihydix>-6H^^ 

yl)-2,5-dioxopyirole 
Add 3-(6 J^ydro-6H-[l,4]di^ 
dioxopyrrole hydrochloride (300 mg, 0.714 mmol) and sulfamide (1.0 g, 10.4 mmol) to 
pyridine (20 mL). Reflux and stir under nitrogen for 20 minutes, concentrate under 
reduced pressure. Dilute the residue with ethyl acetate, wash sequentially with 0.25 M 
hydrochloric acid and aqueous saturated sodium chloride. Dry the organic phase over 
anhydrous magnesium sulfate, filter, and concentrate under reduced pressure. Precipitate 
the residue from ethyl acetate to obtain the title compound as an orange solid (125 mg, 
37%). 

MS(ES): m/z = 463.1 (M+l). 

The compounds of EXAMPLES 503-506 may be prepared essentially as described 
in EXAMPLE 502. 



Example 


Compound 


Data 


503 


3^6-(aminosulfonyl)-5,6,7,8-tetrahydro-6H-tl,4]- 
diazorino[7,8,14ii]indol-l-yl)-4-^ 
yl>2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 478.1 
(M++1) 


504 


3K6-(ammosutfonyl)^,7-dihyd 
[6,7,l-hi]mdol-l-yl)-4-(f^ 
dioxopyrrole hydrochloride 


MS(ES): m/z = 464.0 
(MM) 


505 


3-(6-(aminosulfonyl)-6,7-<3ihydro^H-[l,4]diazqjinc>- 
[6,7^-hi]indol-l-ylH^5-fluorobenofur-7-yl)-2,5- 
dioxopyrrole | 


MS(ES): m/z = 481.0 
(M*+l) 


506 


3-(6-(aminosulfonyl)-6,7Hiihydro-6H-[l,4]diazepino- 

[6,74-hi]indol-l-yl)^inndazo[l,2^]pyridin-3-yl)- 

2,5-dioxopyrrole 


HRMS: m/z = 
463.1165 



20 



EXAMPLE 507 

3-(6K(l-me*ylimidazol^yl)su^ 

^^(irnidazotl^-alpyridin-S-yl^S^oxopyirole 
Combine 3K6,7^ydro^H-[l,4]diazepmo[6J^ 
a]i?yridm-3-yl)-2,5-<fioxopycrole dihydrochloride (300 mg, 0.714 mmol), triethylamine 
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(263 mg, 2.63 mmol) and (l-methylimidazol-4-yl)sulfonyl chloride in methanol (15 mL). 
Stir in a sealed vial at room temperature for 2 hours. Filter the reaction mixture, wash the 
recovered solid with methanol, and dry under reduced pressure to provide the title 
compound (242 mg, 70%) as an orange solid. 
5 MS(ES): m/z = 528 (M+l). 

EXAMPLE 508 

3-(6^,N-[dimethyl]amino)sulfon^ 

4-(imidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyiTole 
10 Add dimethylaminosulfonyl chloride (0.181 g, 1.26 mmol) to 3-(6,7-dihydro-6H- 

[l,4]diazepmo[6,7,l-hi]mdol-l^ 

dihydrochloride (0.577 g, 1.26 mmol) and triethylamine (0.8 ml) in NJ^-dimethylform- 
amide (5 ml) and dichloromethane (10 ml). Stir at 20°C for 18 hours. Concentrate under 
reduced pressure and subject the residue to preparative reverse phase high performance 
15 chromatography (Kromasil KR100-10C18-250P2), eluting with 5-70% acetonitrile in 
0.03% hydrochloric acid followed by chromatography on a Varian® BondElut™ SCX 
column, eluting with 2 M ammonia in methanol to provide the title compound (370 mg, 
59%) as an orange solid. 
HRMS: m/z = 491.1502 (M*+H) 

20 

EXAMPLE 509 

3-(6-(N-[methyl]aminocarbo 

l-yl)^^fiiro[3^-c]pyridin-7-yl>2,5-dioxopyrrole hydrochloride 

25 Add 1,3-dimethylurea (3g) to 3<5,6,7,8-tetrahydn>-6H^ 

}A]mdolA-y\)A^foio[3^]pyh^7^ dihydrochloride (50 mg, 0.1 

mmol) and heat at 140°C for 20 minutes. Remove for heat and dilute with water (10 mL) 
andlNHCl(2mL). Subject residue to reverse phase high performance chromatography 
and freeze dry fractions to provide the title compound as an orange solid (31 mg, 63%). 

3 0 MS(ES): m/z = 455.48 (M*+l) 

The compounds of EXAMPLES 510- 520 may be prepared essentially as 
described in EXAMPLE 509. 
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Example 


! Compound 


Data 


510 


3-(8-(N-[methyl]aminocaibo^ 
[8,9,l-hi]indol-l-yl)^(f\^ 
dioxopyrrole hydrochloride 


MS(ES): m/z = 
470.2 (M*+l) 


511 


3-(6- (aminocarbonyl)-6 ,7-dihydro-6H-[ 1 ,4] diazepino[6 ,7,1- 
hi]indol-l-yl)^benzofur-7-yl)-2,5-dioxopvm>le 


HRMS: 427.1405 
(M+H) 


512 


3-(6-(N-[methyl]aininocaibonyl>6,7-dUiydro-6H- 

[l,4]diazepino[6,7,l-hi]indol-l-yl)^-(ben2o[l,3]-dioxol-4- 

yl)-2,5-dioxopyrrole 


HRMS: 445.1523 
(M+H) 


513 


3-(8-(aminocarbonylM 1 ,5]diazopeihydroonino[8,9, l-hi]in- 
dol-l-ylH-(2,3-dihydrobenzofur-7-yl)-2 t 5-dioxopyrrole 


HRMS: 457.1903 
(M+H) 


514 


3-(6KaminocaAonyl)-6J-d^ydro^-[l,4]diazepino[6,7,l- 

hi]indol-l-yl)~4^2,3-dihydrobenzofur-7-yl>2,5- 

dioxopyrrole 


HRMS: 429.1563 
(M+H) 


515 


3-(6-(amincrcarbonyl)-6,7^ 

hi]indol-l-ylH<b^o[l,3]dioxol-4-yl>2,5-dioxopynt)le 


HRMS: 431.1346 
(M+H) 


516 


3-(6-(N-[methyl]aniinocarix)nyl)-6,7-dihydro-6H- 
[l,4]diazepino[6,7,l-hi]indol-l-^ 
yl)-2,5-dioxopyrroIe hydrochloride 


MS(ES): m/z = 
399.1 (M++1) 


517 


3^6-(N-[methyl]aimnocarbonyl)-6,7-<lihydro-6H-[l,4]- 

diazepino[6J,l-hi]indol-l-ylH-(imidazo[l,2-a]pyridin-3- 

yl)-2,5-dioxopynole 


MS(ES): m/z = 
441.1 (M++1) 


518 


3^6-^-[methyl]airiinocarbonyl)-6,7-dihydro-6H- 

[l,4]diazepino[6,7,l-hi]-indol-l-yl)-4-(ben2ofur-7-yl)-2,5- 

dioxopytrole 


MS(ES): m/z = 
498.3 (M++1) 


519 


3^8-(N-[methyl]aminocarbonyl>[l^]diazopeihydnx)nino- 
[8,9,l-hi]indol-l-yl)-4-(benzofur-7-yl)-2^-dioxopviiole 


MS(ES): m/z = 
469.2 (M++1) 


520 


3<6-(aminocarbonyl)-6,7-dihydro-6H-[l,4]diazepino- 
[6,7,l-hi]indol-l-yl)-4-(imidazo[l^-a]pyridin-3-yl)-2,5- 
dioxopyrrole hydrochloride 


MS(ES): m/z = 
427.1 (M*+l) 



EXAMPLE 521 
3-(6-(2Kmethoxy)ethoxycarbony^ 

hi]indol-l-yl)-4Kbenzofur-7-y^ 
5 Stk3-(5,6,7,8-tetrahydr^^ 

yl)-2,5-dioxopyrrole (150 mgs, 0.38 mmol) and triethylamine (250 mgs, 2.4 mmol) in 
absolute methanol (20 mL). Add a solution of 2-bromoethylchloroformate (141 mgs, 0.75 
mmol) in tetrahydroforan (5 mL) slowly drop wise, then stir at 20°C for 1 hour. Add 
morpholine (2 mL, 22.9 mmol), reflux under nitrogen for 2 hours and concentrate under 
1 0 reduced pressure. Purify the product by preparative reverse phase high performance 

chromatography, followed by chromatography on a Varian® BondElut™ SCX column, 
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eluting with ammonia in methanol to obtain 115 mg (55%) of the title compound as an 
orange solid 

HRMS: m/z = 555.2245 (M+H) 

5 EXAMPLE 522 

3-(6-(2-(morpholm^y])a^ 

yl>4-(benzofur-7-yl)-2,5-cQoxopyrrole hydrochloride 
Add a solution of bromoacetyl chloride (0.185 gm, 1.17 mMol) in tetrahydrofiiran 
(10 mL) slowly to a solution of 3-(5,6 J,8-teti^ydro-6H-[l,4]diazocino[7,8,l-hi]indol-l- 
1 0 yl)-4-(benzofur-7-yl)-2,5-dioxopyirole (0.15 gm, 0.38 mMol) and triethylamine (0.23 gm, 
2.27 mMol) in absolute methanol (25 mL). Stir the resulting mixture for 1 hour at room 
temperature and then add morpholine (2 mL, 22.9 mMol). Heat at reflux for 2 hours, 
concentrate under reduced pressure, and subject to Varian® BondElut™ SCX 
chromatography, eluting with ammonia in methanol. Dissolve the desired product in 1 M 
15 hydrochloric acid and subject to preparative HPLC to provide the title compound as an 
orange solid (0.13 gm, 61%). 
HRMS: 525.2113 (M+H) 



The compound of the following example may be prepared essentially as described 
in EXAMPLE 522. 



Example 


Compound 


Data 


523 


3-(6K2-(pperidin-l-yl)acetyl)^,7-dmydro-6H-[l ,4]diaze- 

pino[6,7,l-hi]indol-l-yl)-4-(inridazo[l,2-a]pyridin-3-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 
509 (M*+l) 



20 

EXAMPLE 524 

3K8-(cyanomethylHl,5]diazoperhyck 

a]pyridin-3-yl>2,5-dioxopyrrole 
Add bromoacetonitrile (0.1 g, 0.96 mmol) to a solution of 3-([l,5]diazoperiiydro- 
25 onino[8,9,l-hi]indol-l-yl)-4^ii^ 

dihydrochloride (0.2 g, 0.48 mol) in methanol (15 mL) and triethylamine (0.49 g, 4.8 . 
mmol). Stir at 60°C overnight Dilute the reaction mixture with saturated aqueous 
sodium bicarbonate, extract into ethyl acetate, and concentrate under reduced pressure. 
Purify by reverse phase preparatory chromatography, eluting with acetonitrile and water, 
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and freeze-dry the pure fractions to provide the title compound as a red solid (O.OSO g, 
23%). 

MS(ES): m/z = 4512 (M*+l) 



The compounds of EXAMPLES 525-541 may be prepared essentially as described 
5 in EXAMPLE 524. 



Example 


Compound 


Data 


525 


3-(6-((cyanomethyl)-6,7-dihydrc>-6H-[l,4]diazepino- 
[6J,l-hi]indol-l-yl)^imidazo[l > 2-a]pyridin-3-yl)- 
2,5-dioxopyrrole 


MS(ES): m/z = 423.2 
(M*+l) ; 


526 


3-(6-((caii)oxymethyl)-6,7-dihydro-6H- 
[l,4]diazepino-[6J,l-M]indol-l-yl>4^imidazo[l f 2- 
a]pyridin-3-yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 442.2 
(M*+l) 


527 


3^6<(morpholin-4-yl)carbonylmethyl)-6,7-dihydro- 

6H-[l,4]dia2»pino[6J4-hi]indol-l-yl)-4^enzofur-7- 

yl)-2,5-dioxopyrrole 


MS(ES): m/z = 511.2 
(M++1) 


528 


3-(6-((morpholin-4-yl)caibonyliiiethyl)-5,6,7,8- 

tetrahydro-eH-tl^Jdiazcxnnob.SJ-hiiindol-l-ylH- 

(benzofiir-7-yl)-2,5-dioxopyrrole 


HRMS:m/z = 
525.2130 (M+H) 


529 


3-(8-((morpholin-4-yl)caibonylmethyl)-[l,5]diazoper- 
hydrooiuno[8,9J-hi]indol-l-yl)^(benzofiir-7-yl)-2,5- 
dioxopyrrole 


MS(ES): m/z = 539 
(MN-1) 


530 


3-(6^carboxarddomethyl)^,7-dihydro-6H- [ 1 ,4] diaze- 

pino[6J,l-hi]indol-l-yl>4-(5-fluorobenzofur-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 457.2 
(MM) 


531 


3-(6-(carboxymethyl)-6,7-<lihydro-6H-[ 1 ,4] diaze- 

pino[6J4-hi]mdol-l-yl)-4K5-fluorobenz»fur-7-yl)- 

2,5-dioxopyrrole 


MS(ES): m/z = 460.2 
(M*+l) 


532 


3-(6-(carboxymethyl>6J-dmydro-6H-[l,4]diaze- 
pmo[6,74-hi]mdol-l-yl)-4-(iimdazo[12-a]pyridin-3- 
yl)-2,5-dioxopyrrole hydrochloride 


MS(ES): m/z = 442.2 
(M*+l) 


533 


3-(6-(cyanomethyl)-6 ,7-dihydro-6H-[l ,4]diaze- 

pmo[6J4-hi]indol-l-yl)-4^(miidazo[12-a]pvridin-3- 

yl)-24-dioxopyrrole 


MS(ES): m/z = 423.2 
(M*+l) 


534 


3-(6-((morpholin-4-yl)carbonylmethyl)-6,7-dihydro- 

6H-[l,4]dia2«pino[6,7,l-hi]indol-l-yl)-4- 

(imidazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole 


MS(ES): m/z = 511.1 
(M++1) 


535 


3-(6-((pyridin-3-yl)methyl)-6 ) 7-dihydro-6H- 
[l,4]diazepmo[6J4-hi]indol-l-yl)-4-0midazo[12-a]- 
pyridin-3-yl)-2,5-dioxopyrrole methanesulfonate 


MS(ES): m/z = 475.2 
(M*+l) 


536 


3-<6-((pyridin-4-yl)methyl)-6J-dihydro-6H- 

[1 ,4]diazepino[6 J4-W]indol-l-yl)^(imidazo[l ,2-a]- 

pyridin-3-yl)-2,5-dioxopyrrole methanesulfonate 


MS(ES): m/z = 475.2 
(M++1) 
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537 


3-(6-((pyridin-2-y])methyl)-6,7-<lihydro-6H- 
[l,4]diaze-pino[6,7,l-hi]indol-l-yl>4-(6- 

fluoroiinidazo[l^-a]-pyridin-3-yl)-2,5-dioxopyrrole 
methanesulfonate 


MS(ES):m/z = 492.8 
(M++1) 


538 


3-(6-((pyridin-2-yl)iiiethyl)-6,7-dihydro-6H- 

L *■ » » J mfl** yjiLi\j[\j , / |i -in j jj.iu.ui- x -yi j^t-^O- 

metfiylimidazo[l,2-a]-pyri^ 


MS(ES): m/z = 489.0 
(JVT+1) 


539 


3-(6-((methoxycari5onyl)mei^ 
[l,4]diazepino[6,7,l-W]indoI-l-yl)^^ 
pyridin-3-yl>2,5-dioxopym>le hydrochloride 


MS(ES): m/z = 456.1 
(M++1) 


540 


3<6-((isopropoxycarTxmyl^^ 

[l,4]diazepino[6,7J-W]indol-l-yl)-4-(imida2o[l,2-a]- 
pyridin-3-yl>2,5-dioxopynx>le hydrochloride 


MS(ES): m/z = 484.2 
(M*+l) 


541 


3<6-((diethylaminocarto^ 

[l,4]diazepino[67J-hi]indoI-l-ylH-(iniidazo[l,2-a]- 
pyridln-3-yl>2 > 5-^oxopyrrole hydrochloride 


MS(ES): m/z = 497.2 
(MN-l) 



EXAMPLE 542 
3-(6-(2,23,33-pentafluoropropy^ 

(imidazofl ,2-a]pyridin-3-yl)-2,5-dioxopyirole 
Combine 3-(6,7-dm y dro-6H-[l,4p^^ 
a]-pyridin-3-yl)-2,5-<lioxopynx)le dihydrocMoride (300 mg, 0.714 mmol), 2,2,3,3,3- 
pentafluoropropyl trifluoroacetate (462 mg, 1.64 mmol), and NJNT-diisopropylethylainine 
(508 mg, 3.94 mmol). Heat in a sealed vial at 85°C for 16 hours. Dilute with 
dichloromethane and wash with water. Extract aqueous phase with dichloromethane. 
Combine organic phases, wash with saturated aqueous sodium chloride, dry over 
magnesium sulfate, and concentrated under reduced pressure. Subject residue to silica gel 
chromatography, eluting with dichloromethane containing 0-10% methanol to provide the 
title compound (96 mg, 28%) as an orange solid 
MS(ES): m/z = 516 (M+l). 

EXAMPLE 543 

3-([l,5]diazopei*ydroom^ 

dioxopyrrole hydrochloride 
Mix pyridine hydrochloride (5.4 g, 46.7 mmol) and 3-(8-(tot-butoxycarbonyl)- 
[l,5]diazoperhydrronmo[8,9,l^ 

dioxopyrrole (325 mg, 0.60 mmol). Heat and stir the mixture at 190-200°C under 
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nitrogen for 40 minutes. Cool to 25°C, dissolve in distilled water, and adjust to pH = 
7.0 using aqueous 3 molar sodium carbonate. Extract the mixture with ethyl acetate. 
Combine the organic layers, wash with aqueous saturated sodium chloride, dry over 
anhydrous sodium sulfate, filter, and concentrate under reduced pressure. 
Chromatograph on a reverse phase preparative high performance chromatography 
column, eluting with acetonitrile containing 0.01% hydrochloric acid to obtain the title 
compound as an orange solid (185 mg, 66%). 
HRMS: 428.1610 (M+H) 



The compounds of EXAMPLES 544-548 may be prepared essentially as described 
in EXAMPLE 543. 



Example 


Compound 


Data 


544 


3-([ 1 ,5]diazoperhydroonino[8,9, l-hi]indol- l-yl)-4-(4- 

hydroxybenzofur-7-yl)-2,5-dioxopyrrole 

hydrochloride 


MS(ES):m/z = 428.0 
(M*+l) 


545 


3-(6,7-dihydro-6H-[l,4]diazepino-[6,7,l-hi]indoH- 

yl)^(4-hydroxy-benz»fur-7-yl>2,5-dioxopyirole 

hydrochloride 


HRMS: 400.1317 
(M+H) 


546 


3-(6,7-dmydro-6H-[l,4]diazepino-[6,7,l-hi]indol-l- 

ylH-(5-hydroxy-benzofur-7-yl)-2,5-dioxopynx>le 

hydrochloride 


HRMS: 400.1315 
(M+H) 


j 547 


3-(5,6-dihydro-4H-pyirolo[3,2,l-ij]^uinolin-l-yl)^- 
(4-hydroxybenzofur-7-yl)-2,5Klioxopy[role 


HRMS: 385.1201 
(M+H) | 


548 


3-(5,6^ydn>^H-pyn-olo[3,2,l-ij]-quinolin-l-yl)-4- 
(5-hydroxybenzofur-7-yl>2,5-dioxopyrrole 


HRMS: 385.1203 
(M+H) 



EXAMPLE 549 

3-(5,6^hydro^H-pyrolo[3,24^ 

(diethylamino)propoxy)ben2»fur-7-yl>-2,5-dioxopyrro 
S-foeKimydro^H-pyrroto 

vl)-2.5-dioxopvrrole 

Dissolve 3-(5,6^ydro^H-pynx>lo[3A^^^ 

(hydroxy)propoxy)benzofur^^ (0.1 g, 0.232 mmol) in 10 mL 

dichloromethane. Add carbon tetrabromide (0.077 g) and triphenylphosphine (0.061 g). 

Stir for 10 minutes and add another equivalent of both reagents. Stir 10 minutes then 

dilute with dichloromethane and wash with water followed by saturated aqueous sodium 

chloride. Dry over magnesium sulfate then filter and concentrate under reduced pressure. 
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Subject residue to silica gel chromatography, eluting with 2% methanol in 
dichloromethane to provide the desired compound (0.1 16g) 
MS(ES): m/z = 506.2 (M+l) 

5 Amination 

Dissolve 3-(5,6^ydro^H-p)irolo[3£ 
(bromo)propoxy)benzofur-7-yl)-2,5-dioxopycrole (0.058 g, 0.118 mmol) in 1.5 mL 1- 
methyl-2-pyrrolidinone and add diethylamine (2M in tetrahydrofuran, 0.3 mL) and heat to 
60 °C for 16 hours. Partition between ethyl acetate and water and concentrate organic 
10 layer. Dissolve the residue in a minimal amount of methanol and load onto an SCX™ 
Varian column (pretreated with a 5% acetic acid: methanol solution). Wash column with 
methanol and ethyl acetate, and elute with 2M ammonia in methanol to provide the title 
compound. 

MSOES): 498.2 (M+l) 

1 5 The compound of the following example may be prepared essentially as described 



in EXAMPLE 549. 



Example 


Compound 


Data 


550 


3-(6-ftert-butoxvcarbonvl)-6J-dihvdro-6H> 
[l,4]diazepino-[6,7,l-bi]indol-l-yl)-4-(4-(3- 
(diethyl-amino^)ropoxy)benzofur-7-yl)-2,5- 
dioxopyrrole 


MS(ES):m/z = 
613.4 (M+l) : 



EXAMPLE 551 
3-(6-(2-(morpholm^yl)ac^l)-6,7-^ 
2 0 (benzofur-7-yl)-2,5-dioxopyrrole hydrochloride 

Add bromoacetyl chloride (0.084 g, 0.54 mmol) to a mixture of 3-(6,7-dihydro- 
6H-[l,4]diazepino-[6,7,l-hi]indol-l-ylM 

(0.15 g, 0.36 mmol) and triethylamine (0.18 g, 1.78 mmol) in methanol (15 ml). Stir for 3 
hours, add mopholine (1 ml), and heat to 50°C for lhour. Dilute with ethyl acetate and 
2 5 wash with saturated aqueous sodium bicarbonate followed by saturated aqueous sodium 
chloride. Concentrate under reduced pressure and subject the residue to silica gel 
chromatography. Add 2M HC1 in diethyl ether to the reaction mixture and concentrate 
under reduced pressure to give the title compound as a yellow solid (100 mg, 51%). 
MS(ES): m/z = 545.2 (M"-l) 
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EXAMPLE 552 




[l-(4-Imidazo[l>a]pyri<jfo-3-yl-2,5 

[1 ,4]diazepino[6,7 J-hi]indol-6-yl]-[moipholin^yl]methylCT 
Add diphenyl cyanocaitonimidate (0.26 g, 1.09 mmol) to a solution of 3-(6,7- 
dihydro^-[l,4]dia2»pino[6J4-hi]indol-l-ylH-(imidaz 

2,5-dione dihydrochloride and triethyl amine (0.28 g, 2.79 mmol) in isopropanol (20 ml). 
Reflux for 30 minutes to provide [H4-Imidazo[l,2-a]py^ 
lH-pyrrol-3-yl)^J-dmyd^ 

cyanamide. Add morpholine (0.142 g, 1.64 mmol) and reflux for 6 hows. Cool to room 
temperature and dilute with saturated aqueous sodium bicarbonate. Extract with ethyl 
acetate, wash combined organic phase with saturated aqueous sodium chloride and 
concentrate under reduced pressure. Subject the residue to preparative reversed phase 
chromatography to provide the title compound as an orange solid. 
MS(ES): m/z = 528.1 (M++1). 



The compound of the following example may be prepared essentially as described 
in EXAMPLE 552. 



Example 


Compound 


Data 


553 


[l-(4-Imida2o[l,2-a]pyridin-3-yl-2,5^oxo4,5-^ydn>- 
lH-pynol-3-yl)^J^ydro^-[l,4]diazepino[6,7,l- * 
W]indol^-yl]-[piperidin-l-yl]methylenecyanamide 


MS(ES): m/z = 
519.1 (M+l) n 
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EXAMPLE 554 




l-(4-Imidazo[l,2-a]pyridin-3-yl-2 t 5^ 
5 [l,4]<Uazepino[6J,l-/wlindole-6-cariM>xamidine hydrochloride 

I tert-Butoxvcarbonvlimino-r7-(4-imidazori .2-a1Pvridin-3-vl-2,5-dioxopvrrol-3-vn~6,7- 
dihvdro-lH-ri,41diazepinor6 .7.1-hi1indol-l-vl1methvl)carbamic Acid tert-Butvl Ester 

Add (tert- butoxvcarbonvliminopvrazol- 1-ylmethyl taarbarnic acid tert-butvl ester 
(0.25 g, 0.81 mmol) to 3-(6 J-dihyd^6H-[l,4]diazepino[6 f 7,l-hi]indol-6-yl)^- 
1 0 (imidazo[l ,2-a]pyridin-3-yl)-2,5-dioxopyrrole (0.26 g, 0.67 mmol) in dry 

dimethylformamide (6.7 mL) and stir at room temperature for 3 days. Partition between 
ethyl acetate (500 mL) and water (250 mL). Wash the organic phase with saturated 
aqueous sodium chloride (250 mL), dry over sodium sulfate, and concentrate under 
reduced pressure. Subject the residue to preparative high performance liquid 
1 5 chromatography (pre-packed silica gel), eluting with 9: 1 CH 2 Cl2/MeOH to afford the 
desired compound as a thick red oil. 

Deprotection 

Add 5.86 % Hd/dioxane (50 mL) to { tot-Butoxycarbonylimino-[7-(4- 

20 inndazo[l,2~a]pyridin-3-yl-2,5^ 

hi]indol-l-yl]methyl}carbamic Acid tert-Butvl Ester (0.26 g, 0.42 mmol) in 1,4-dioxane 
(10 mL) and stir at room temperature overnight Concentrate under reduced pressure. 
Add diethyl ether and concentrate under reduced pressure. Add diethyl ether (25 mL) an 
stir for 1 hour. Filter the slurry and wash the filter cake with diethyl ether (25 mL) to 

25 provide the title compound (0.16 g, 73 %) as an orange-red solid 
HRMS: m/z = 426.1712 (M*+l). 



WO 03/076442 



PCI7US03/05050 



-135- 
EXAMPI£555 




3-(6-(l-iminoeth-l-yl)^jKlihydr^ 

(imidazo[l,2-a]pyridin-3-yl)-2,5-^^ 

Add methyl acetimidate hydrochloride (0.072 g, 0.66 mol) and potassium 
carbonate (0.18 g, 1.3 mmol) to 3-(6 J-dihydro^-[l,4]diazepino[6ja-hi]indol-6-ylH- 
(imidazo[l,2-a]pyridin-3-yl)-2,5^oxopyrrole (0.25 g, 0.66 mmol) in dry dimethylform- 
amide (6.6 mL) cooled in an ice bath. Stir at 0°C for 25 minutes and then at room 
temperature for 3 days. Add methyl acetimidate hydrochloride (0.072 g, 0.66 mmol) and 
potassium carbonate (0.18 g, 1.3 mmol). Heat at 50°C overnight Cool to room 
temperature and concentrate under reduced pressure. Subject the residue to 
chromatography (Varian Mega Bond Elut SCX column), eluting with a gradient: MeOH- 
2Af NH3/MeOH). Subject to reverse-phase HPLC and prepare the HC1 salt to provide the 
title compound (0.042 g, 14 %). 
HRMS: m/z = 425.1722 CMT+l). 



EXAMPLE 556 




N-[me%l]-H4-Imidazo[l,2-a]^ 

dihydro-l^-[l t 4]diazepino[6,7J-/iqindole^arboxamidiM dihydrochloride 
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Add sodium hydride (137.7 mg, 3.44 mmol, 60% dispeision in mineral oil) to 1,3- 
bis-(tot-butoxycaibonyl>2-thiopseudourea (1.0 g, 3.44 mmoll) in dimethylfonnamide 
and stir 1 hour. Add iodomethane (0.235 mL, 3.78 mmol) and stir at ambient temperature 
18 hours. Pour over ice and partition between ethyl acetate (200 mL) and saturated 
aqueous sodium chloride (100 mL). Dry over sodium sulfate and concentrate under 
reduced pressure. Subject residue to chromatography, eluting with Hexanes/ ethyl acetate 
(8:2) to provide 1.0 g of a yellow oil. Add 3-(6,7-dihydro-6H-[l,4]diazepino[6,7,l- 
W]indol-6-yl)-4^imidazo[l,2-a]pyridin-3-yl>2^-dioxopyrrole (300 mg, 0.78 mmol) to 
the yellow oil (238 mg, 0.78 mmol) in dimethylfonnamide (8.0 mL) and stir 4 days at 
ambient temperature. Heat to 100 ° C for 2 hours, cool, and partition between ethyl 
acetate (100 mL) and water (100 mL). Dry over sodium sulfate and concentrate under 
reduced pressure. Subject the residue to chromatography, eluting with 
dichloromethane/methanol (9:1) to provide 130 mg (26%) of the BOC-protected 
intermediate as a pale orange solid. Add anhydrous 4 M HCl/dioxane (20 mL) to the 
BOC-protected intermediate (120 mg, 0.187 mmol) in p-dioxane (20 mL) and stir at 
ambient temperature 18 hours. Added diethyl ether (50 mL).and filter to provide the title 
compound (95 mg, 99%) as an orange solid. 
MS(ES): m/z = 513.8 (M*+l). 

EXAMPLE 557 

3-(6-(5-ammo-l,2,4-triazol^ 

(imidazo[l ,2-a]pyridin-3-yl)pyrn)le-2,5-dione 
Add hydrazine hydrate to a solution of [l-(4-Imidazo[l,2-a]pyridin-3-yl-2,5- 
dfoxo-2,5-dihydn>lH-pyr^ 

[phenoxy]methylene-cyanamide and triethyl amine (0.28 g, 2.79 mmol) in methanol (15 
ml). Stir for 20 minutes. Dilute with saturated aqueous sodium bicarbonate and extract 
with 4: 1 ethyl acetate:n-butanol (4 x 50 ml). Concentrate the combined organic phases 
under reduced pressure and subject the residue to preparative reversed phase 
chromatography to provide the title compound (0.075 g) as a maroon solid. 
MS(ES): m/z = 466.1(^+1). 
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EXAMPLE558 
3K6-(pyridin-2-yl)-6,7-dihydro-6H-[^^^ 

a]pyridin-3-yl)pyrrole-2,5-dione 
Heat a mixture of 3-(6 J^ydro-eH-tl^Jdiazepino^J.l-hilindol-l-yl)-^ 
(imidazoCl^alpyridin^-yl^ytrole^^-dione dihydrochloride (0.10 g, 0.22 mmol), 
triethylamine (0.1 ml, 0.73 mmol), and 2-fluon>pyridine (1 ml, 10.29 mmol) in a 
microwave reactor at 160°C for 5 minutes at 300 Watts. Dilute with ethyl acetate, wash 
with saturated aqueous sodium bicarbonate, and concentrate under reduced pressure. 
Subject the residue to silica gel chromatography to provide the title compound (0.025 g, 
24%) as a red solid. 
MS(ES): m/z = 461.2 (M*+l). 



The compound of the following example may be prepared essentially as described 
in EXAMPLE 558. 



Example 


Compound 


Data 


559 


3-(6-(pyridin-2-yl)-6,7-dihydro-6H-[l ,4]diazepino- 
[6,7,l-hi]indol-l-ylM-(6-methylimidazo[l ,2-a]pyridin- 
3-yl)-pym>le-2,5-dione 


MS(ES): m/z = 
474.8 (MVl) 



EXAMPLE 560 

3K6Kpynmidm-2-yl)-6,7-^ 

a]pyridin-3-yl)pyrrole-2,5-dione 
Add 2-chloropyrimidine (0.24g, 2.07 mmol) to a solution of 3-(6,7-dihydn>-6H- 
[l,4]dia2£pino[6 f 7,l-W]mdoM^ 

dihydrochloride (0.90 g, 1.97 mmol) and triethylamine (1.0 ml) in n-butanol (50 ml). 
Reflux for 30 hours and distill solvent to about 15-20 ml volume. Filter the resulting 
suspension and wash the solid with large amounts of methanol to give the title compound 
(0.58 g, 1.26 mmol). 
MS(ES): m/z = 462.2 (M++1). 



Hie compounds of EXAMPI£S 561-563 may be prepared essentially as described 
in EXAMPLE 560. 



Example 


Compound 


Data 


561 


3-(6-(benzothiazol-2-yl)-6,7-dihydro-6H-[l ,4]diazepino- 

[6,7,l-hi]indol-l-yl)-4-(imidazo[l^-a]pyridin-3-yl> 

pyrrole-2,5-dione 


MS(ES): m/z = 
517.1 (M*+l) 


562 


3^9-fluoro-6^pyrimidin-2-yl)-6,7-dihydro-6H- 


MS(ES): m/z = 
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[l,4]diazepino[6J4-hi]indol-l-yl)^(7K:Wcax)iiiiidazcK 
[l,2-a]pyridin-3-yl)pym)le-2 f 5-dione 


513.9 (M++1) 


563 


3-(6-(pyrimidin-2-yl)-6,7-dihydr^ 
[6,7,l-hi]indol-l-yl)-4-(6-methyIimid^ | 
3-yl)pyrrole-2,5-dione 


MS(ES): m/z = 
476.0 (MM) 



EXAMPLE 564 
Resolution of 3-(7-methyl-6K>xa-4,5-dtihydro-3-^ 

a]pyridin-3-yl)-2,5-dioxopyrrole 

Subject racemic 3-(7 -methyl-6-oxa^l,5 -dihydro-3-azabenzo[cd] azulen- 1 -yl)-4- 
(imidazo[l^a]pyridin-3-yl)-2,5-dioxopyrrole to chiral chromatography on a ChiralPak® 
AD, 8 cm x 30 cm column, eluting with 3 A ethanol at a flow rate of 350 ml/min. 

The first eluting isomer is (+>3-(7-methyl-6-oxa-4,5-dihydro-3- 
azaben2X>[cd]a2ulen-l-yl)-4-(imida^ 
[a]589(I>MSO, c = 10 mg/ml) = +34.8° 
HRMS: m/z = 399.1466 (M+H) 

The second eluting isomer is (-)-3<7-methyl-6-oxa-4,5-dihydro-3- 
azabenzo[cd]azulen-l-yl)-4-(imid^ 
[a] 5 89(DMSO ) c = 10 mg/ml) = -28.1° 
HRMS: m/z = 399.1437 (M+H) 

EXAMPLE 565 
(+> and (-)-3-(5-hydroxy-[l,5]diazaperhydro 

2,5-dioxopyrrole 

5-hvdroxv-8-(tert-butoxvcarto^ 

Dissolve 5.6-dehvdro-8-(tert-butoxycarto^ 
hi]indole (5.7 g, 19 mmol) in tetrahydrofuran (100 mL) at -78°C. Add BH 3 »THF (1.0 M, 
200 mL). Stir and warn the mixture to ambient temperature. After 1.5 hours, quench 
with water dropwise at 0°C. Add hydrogen peroxide (2.2 mL, 30%) and aqueous 0.1 N 
sodium hydroxide (2.2 mL). Stir for 16 hours. Dilute with ethyl acetate (100 mL). Wash 
the organic layer with aqueous sodium hydrogen sulfite and chromatograph on flash silica 
gel (hexane/EtOAc; 3:1 to 0:1) to afford the desired comppound (3.5 g) as a solid. 
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5-(tert-butvldimethylsilvlox^ 
hilindole 

Stir 5-hydroxy-8-(t^-butoxycarbonyl)-[l,5]d^ 
(3.5 g, 11 mmol), tert-butyldimethylsilyl chloride (3.3 g, 22 mmol), and imidazole (1.9 g, 
5 28 mmol) in NJ^nlimethylformamide (10 mL) at ambient temperature for 2 hours. Dilute 
with ethyl acetate (100 mL). Wash with water, dry over magnesium sulfate, and 
concentrate under reduced pressure to provide the desired compound (4.9 g). 

Methyl 2^S4teit-butvldimethvlsUvloxv)-8-(tert~butoxvc^(rbonvlV 
10 ri.51diazaperhvdroonino-r8,9>l-hilindol>l-v0oxoacetate 

Beginning with 5-<t^-butyldimethylsilyloxy>8-(teit-butoxycarbonyl)- 
[l,5]diazapeihydroonino[8,9,l-hi]indole, the desired compound was prepared essentially 
as described in Preparation 22.(1.3 g). 
MS(ES): m/z = 518(M++H). 

15 

3-(2-(5^tert-buwldimethv^ 

f8.9 J>hi1indol-l-vl>4-foenzoto-7-vlV2.5-di oxopvrrole and 3-(2-(5-flivdroxvV8-ftert- 

butoxvcartonvlVri.51diazapeihydroomno 

dioxopvrrole 

2 0 Beginning with methyl 2-(5-(tert-butyldimethylsilyloxy)-8-(tert-butoxycarbonyl)- 

[l,5]diazaperhydroonino-[8,9,l-hi]indol-l-yl)oxoacetate and 2-(benzyfur-7-yl)acetamide, 
the desired compounds are prepared essentially as described in Preparation 120: 

3^2^5-(tert-butvldimethvl^ 
onino[8,9,l-hi]indol-l-yl)^(benzofur-7-yl)-2,5^oxopynole (180 mg) 
25 MS(ES): m/z = 642 (WT+H); and 

3^2-(5-flivdroxY)-8^tert-butoxv(^ 
indol-l-yl>4-(benzofur-7-yl)-2^-dioxopyiiole (280 mg) 
MS(ES): mlz = 528 (M++H). 



30 



Deprotection 

Stir3-(2^5-(t^^utvldimeth\flsM^ 
hydroonino [8,9,1 -hi]indol- 1 ^^(beii^fiir^-yl^^-dioxopyrrole (180 mg, 0.28 mmol) 
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and trifluoioacetic acid (3 mL) in dichloromethane (3 mL) at ambient temperature for 1 
hour. Concentrate under reduced pressure and subject the residue to chiral 
chromatography (Chiralpak AD column eluting with 60% ethanol/40%heptane/0.2% 
dimethylethylamine) to provide the title compound isomers. 
5 MS(ES): m/z = 428(M*+H). 

EXAMPLE 566 
3<5-oxo-[l,5]diazaperhydroonino[8,9,l-ta^ 

dioxopyirole 

1 0 Add Dess-Martin periodinane (110 mg, 0.25 mmol) to 3-(2-(5-(hydroxy)-8-ftert- 

butoxycarix5nyl)-[l,5]diazaperhydrooi^^ 

dioxopynole (90 mg, 0.2 mmol) in dichloromethane (10 mL) and stir for 2 hours at 
ambient temperature. Wash with 0.1 N sodium hydroxide. Dry over magnesium sulfate 
and concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
15 eluting with hexane/EtOAc; 1:1 to 0:1 to provide to 3-(2-( 5-oxo-8-ftert-butoxvcarbonvl)- 
[l,5]diazaperhydrtK>nino[8,9,l^ (70 mg, 

80 %). Treat with trifluoroacetic acid (2 mL) in dichloromethane (2 mL) at ambient 
temperature for 1 hour to provide the title compound. 
MS(ES): m/z = 426 (M*+H). 

20 

EXAMPLE 567 

3-(6-((methoxy)ttoocartK>nyO 

(imidazo[l ^-a]pyricfin-3-yl)-2,5-<iioxopynole 
Stir 3-(6,7^ydro-6H-[l,4]diazepino[6^ 

2 5 pyridin-3-yl)-2,5-dioxopyrrole (0.2 g, 0.44 mmol), 1 , 1 -thioc arbonyldiimidazole (95 mg, 

0.48 mmol), and triethylamine (0.2 mL) in methanol (10 mL) at ambient temperature for 2 
hours. Dilute with ethyl acetate and wash with water. Dry over magnesium sulfate and 
concentrate under reduced pressure. Subject the residue to silica gel chromatography, 
eluting with hexane/EtOAc; 1:1 to 0:lto provide die tide compound 

3 0 MS(ES): m/z = 458 (M++H). 
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EXAMPUE 568 
3<6-((morphohn^-yl)thicK;arbonyO^^ 

4Kimidazo[l,2-a]pyridin-3-yl)-2^-^oxopyrrole 
Stir 1,1-thiocarbonyldiimidazole (100 mg, 0.50 mmol) witb morpholine (50 mg, 
0.56 mmol) in tetrahydrofuran at ambient temperature for 10 minutes. Add 3-(6,7- 
dihydro^H-[l,4]diazepino[6,7,l-hi]indol^ 

dioxopyrrole (0.10 g, 0.22 mmol) and triethylamine in methanol (10 mL). Heat and stir at 
80 °C for 4 hours. Cool, dilute with dichloromethane, and wash with water. Dry over 
magnesium sulfate and concentrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with hexane/EtOAc; 1:1 to 0: 1 to provide the title compound 
(40 mg). 

MS(ES): m/z = 513 (M^+H). 

EXAMPLE 569 

3K6-(pyndm-4-yl)-6,7-dihyd 

2,5-dioxopyrrole 

Add 4-chloropyridine hydrochloride (0.036 g, 0.24 mmol) and triethylamine 
(0.049 g, 0.48 mmol) to 3K6,7^ydm^H-tl,4]diazepino[6,7,l-hi]indol-l-yl)-4- 
(benzofur-7-yl)-2,5-dioxopyrrole hydrochloride (0.05 g, 0.12 mmol) in 2 mL 
dimethylfonnamide. Heat at 100°C for 60 hours. Cool to room temperature, dilute with 
water (30 mL) and extract with ethyl acetate (3 x 15 mL). Combine the organic phases, 
dry over sodium sulfate, and concentrate under reduced pressure. Subject the residue to 
silica gel chromatography, eluting with dichloromethane containing 5% methanol and 2N 
ammonia to provide the title compound (10 mg). 
MS(ES): m/z = 461(M f +H). 

EXAMPLE 570 
3-(7H3xo^methyW,7-dihydte^6H-[l ,4]^ 

a]pyridin-3-yl>2,5-dioxopynole hydrochloride 
Hie title compound may be prepared essentially as described in EXAMPLE 1. 
HRMS: m/z = 412.1421 (M*+l) 
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EXAMPLE571 

3-(6K3<cyclopentyl)prop^ 

a]pyridin-3-yl)-2,5-dioxopyrrole hydrochloride 
Beginning with 3-(6,7-dihydn>-6H-[6 J,l-hi]indol-l-yl)-^(imidazo[l^-a]pyridin- 
3-y])-2,5-dioxopyirole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 239. 
MS(ES): m/z = 494.1 (M*+l) 

EXAMPLE 572 
3K6K2-(morphoHn^yl)aretyl)-6,7^yd^ 

aJpyridin-S-yl^S-dioxopyirole 
Beginning with 3-(6 ,7-dihydio-6H-[6 J4-M]indol-l-yl)^(imidazo[l^-a]pyridin- 
3-yl)-2,5-dioxopynole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 522. 
MS(ES): m/z = 5110^+1) 

EXAMPLE 573 

3K6-(2KtMomoiphoUn^yl)acety^ 

a]pyridin-3-yl)-2,5-dioxopynx)le 
Beginning with 3-(6,7-dihydro-6H-[6,7,l-W]indoM^ 
3-yl)-2,5-dioxopynole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 522. 
MS(ES): m/z = 527 (M*+l) 

EXAMPLE 574 

3<6-((2,3,4,5-tetrahycto^ 

(imidazo[l^-a]pyridin-3-yl)-2,5-dioxopyrrole dihydrochloride 
Beginning with 3-(6,7-dihydro-6H-[6,7,14ri]indoM^ 
3-yl)-2,5-dioxopynole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 64. 
MS(ES): m/z = 499^+1) 
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EXAMPLE575 

3-(6<33,3-trifluoroprop-l-^ 

a]pyridin-3-yl)-2 > 5-dioxopyrrole 
Beginning with 3-(6,7-dihydm-6H-[6 JJ-W]indol-l-yl)^(imidazo[l,2-a]pyridin- 
3-yl)-2,5-dioxopym>le hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 157. 
MS(ES): ro/z = 480 (M++1) 

EXAMPLE 576 
3^6-(3,3,3-tiinuoroprop-l^ 

methylinMdazo[l^a]pyridin-3-yl>2,5^oxopyrrole 
Beginning with 3K6,7niihydro^H-[6,7,14ii]indol-l^^ 
a]pyridin-3-yl)-2,5-dioxopyrrole hydrochloride, the title compound was prepared 
essentially as described in EXAMPLE 157. 
MS(ES): m/z = 494 (M++1) 

EXAMPLE 577 
3K6-((l-methylimidazol-5-yl)methyl)-6,7^ydro-6H-[6,7 

(imidazo[l^a]pyridin-3-yl>2 > 5-dioxopyrrole 
Beginning with 3-(6 ,7-dihydro-6H-[6 J4-hi]indol-l-yl)^(imidazo[l,2-a]pyridin» 
3-yl)-2 l 5-dioxopyrrole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 157. 
MS(ES): m/z = 478 (MM) 

EXAMPLE 578 

3-(6K2-(piperidin-l-yl)eth-^ 

a]pyridin-3-yl)-2,5-dioxopyrrole 
Beginning with 3^6,7-dihydro-6H-[6,7,l-hi]indol-l-yl^^ 
3-yl)-2,5-dioxopyiTole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 524. 
MS(ES): m/z = 495 (M*+l) 
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EXAMPLE 579 

3-(6-(((2-(piperidm-l^ 

(imidazo[l^-a]pyridin-3-yl)-2^-dioxopym)le 
Beginning with 3-(6 ,7-dihydro-6H-[6,7 ,l-hi]indol-l-yl)^(imidazo[l,2-a]pyridin- 
3-yl>2,5-dioxopynole hydrochloride, the title compound was prepared essentially as 
described in EXAMPLE 494. 
MS(ES): mlz = 539 (M*+l) 

Kinase Inhibition Assay 
The ability of the compounds of the present invention to inhibit the activity of the 
GSK-3P enzyme is measured according to a standard protocol (FIOL, Carol J., etaL, A 
Secondary Phosphorylation of CREB 341 at Ser 129 Is Required for the cAMP-Mediated 
Control of Gene Expression: A Role for Glycogen Synthase Kinase-3 in die Control of 
Gene Expression, J. Biol. Chem.. 269, 32187-32193 (1994)). Briefly, the catalysis of the 
reaction: 

KRREILSRRP(pS)YR + AT 33 ? -> KRREBL( 33 pS)RRP(pS)YR [measured] + ADP 

by GSK-30 is measured in a reaction mixture comprised of the following: 50 mM MOPS 
(4-morpholinepropanesulfonic acid) pH 7.0; 50 |iM phosphoCREB peptide; 50 jiM ATP; 
0.5 nCi ATP[y- 33 P]; 12.5 mM MgCl 2 ; 0.03% Triton-X; 4% DMSO; and 1 nM 
recombinant human GSK-3beta. The reaction is initiated by the addition of enzyme. The 
final reaction volume is 100 |iL. The reaction is allowed to proceed for 60 minutes at 
room temperature and is stopped by the addition of 75 |JL of 10% phosphoric acid. To 
capture KRREIL( 33 pS)RRP(pS)YR formed in the reaction and to remove unreacted 
AT 33 ?, 160 pL of the stopped reaction mixture is transferred to a pre-wetted (0.75% 
phosphoric acid) phosphocellulose microfiltration plate [Millipore Cat# MAPH NOB 50] 
and after 90 minutes incubation on the plate, the stopped reaction mixture is passed 
through the filter using a Titertek Map Extractor. The filter containing the trapped 
KRREIL( 33 pS)RRP(pS)YR is washed with 220 pL of 0.75% phosphoric acid Filter 
plates are blotted to remove droplets from the underdrain. Hie underdrain is removed 
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from the filter and the filter is placed into a clear plate liner (Wallac, Inc.). Added to each 
well is 100 pL of Microscint 20 (Packard). 

After standing at least six hours (preferably overnight), the plates are counted in a 
Trilux scintillation counter (Wallac, Inc.). Hie ability of a compound to inhibit GSK- 
5 3beta is determined by including various concentrations of the compound in the reaction 
mixture and comparing the signal produced to the signal produced in a reaction mixture 
without the compound. 

The assay yields the molar concentration of the test compound that produces a 
50% inhibition of the GSK-3beta enzyme activity (IC50). Hie lower the value in this 
10 test, the more active the test compound is. The exemplified compounds exhibit IC 50 < 
0.2 pM. 

hi the present invention, inhibitors that demonstrate 50% effective 
concentrations (IC50) of about 200 nM or less are preferred. Furrthennore, also 
preferred are those which show 50% effective concentrations of 50 nM or less, more 
15 preferably those which show 50% effective concentrations of 20 nM or less, and most 
preferably those which show 50% effective concentrations of 10 nM or less. It is also 
preferred, in the practice of the present invention, that the GSK-3 inhibitor achieve 
plasma exposures >1000 ng*hr/mL. Additionally; those GSK-3 inhibitors exhibiting 
a low IC50 value, such as below 10 am, and plasma exposures <1000 ng*hr/mL 

2 0 represent a further preferred embodiment of the present invention. 

Glycogen Synthesis Assay 
The glycogen synthesis assay measures the increase in the production of glycogen 
both in the absence and in the presence of insulin in the cells. This test is done according 
25 to standard protocols. (Berger, J. and Hayes, N.S., Anal. Biochem.. 261, 159-163 (1998)). 
Briefly, 3T3-L1 adipocytes are plated and differentiated in a 96-well plate at 25,000 
cells/well. The plate is serum-starved overnight The serum-starvation media is removed 
just prior to assay, and the plate is washed with 100 pl/well Krebs-Ringer-Hepes buffer 
(KRBH). Hie KRBH is removed and 50 pi of compound (twice the amount of the final 

3 0 concentration) is added to the assay plate. Next, 50 pi of 14 C-labeled glucose is added to 

the assay plate at 0. 1 pCi/well. Hie plate is then incubated at 37°C for 2 hours. 
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The plate is washed with 100 pIVwell of PBS, and the cells are lysed with 75 
fil/well of IN NaOH. The plate is heated at 70^ for 20 minutes. An aliquot (50 pJ) 
of the supernatant is transferred from the assay plate to a Millipore FC filter plate 
containing 120 (d/well of ice-cold ethanoL The plate is allowed to stand for 2 hours at 
5 4°C to facilitate precipitation. The ethanol is removed from the filter plate via a 

vacuum manifold, and the plate is washed with 100 uL/well of ice-cold 70% ethanol. 
The plate was allowed to dry overnight, and 75 pl/well of Microscint-20 was added to 
the filter plate. The plate was then counted on a Packard Topcount. The compound of 
Example 121 was tested in this assay and increased glycogen synthesis by 3.7-fold at 
10 0.1 (iM in the absence of insulin, and increased glycogen synthesis by 6.4-fold at 
O.luM in the presence of insulin. 

Glucose Lowering Assay 
The glucose lowering assay is an in vivo test that measures the effect of the 

15 test compound on blood glucose and triglycerides relative to insulin. (ELDAR- 
HNKLEMAN, H., et ah, Expression and Characterization of Glycogen Synthase 
Kinase-3 Mutants and Their Effect on Glycogen Synthase Activity in Intact Cells, 
Proc. Nat. Acad ScL 93, 10228-10233 (1996)). Briefly, ZDFrats (Charles River, 
Inc.) at six weeks of age are housed individually with free access to food and water. 

2 0 Rats are dosed with drug once daily by oral gavage, with the compound prepared as a 
suspension in 1% caboxymethylcellusolve/0.25% Tween 80 (CMC-Tween). Vehicle 
controls are dosed with CMC-Tween only. The duration of study varied according to 
the protocol used, with acute dosing studies lasting one day and dose escalation 
studies lasting seven days. Body weights and food consumption measurements are 

2 5 also performed once a week for seven-day studies. For measurement of blood glucose 

and triglycerides, blood samples of 600 pi are collected by the tail snip method. (The 
tail snip for blood sampling is as follows: 1-2 mm of the tail is snipped with a sharp 
blade. After collection of blood, a scab forms at the site of wound. This scab is 
removed and the tail is gently massaged for other subsequent bleedings.) Glucose and 

3 0 triglyceride determinations are performed on a Hitachi 912 metabolic analyzer, with a 

kit utilizing the Trinder method. On termination of study, specific tissues (e.g., heart, 
pancreas, adipose tissues, and liver) are excised to evaluate the effect of these drugs 
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oti their metabolic functions. The compound of Example 121 was tested in this assay 
and lowered glucose by 56% at a dose of 10 mg/kg. 

Ex Vivo Brain Assay 

5 The ex vivo brain assay assesses the GSK-30 kinase activity of the test compound 

in brain cortex tissue according to standard protocols (W ang, et al., Anal. Biochem.. 220, 
397-402 (1994)). 

The ex vivo GSK-3P kinase activity of a compound is assayed following oral 
dosing of 2 to 3 month old PDAPP or CD-I mice. After a 20 mg/kg, 24-hour dose, 

1 0 followed by an additional three-hour dose, brain cortex tissue is dissected and 

homogenized in freshly prepared lysis buffer (10 raM K 2 HP0 4 pH 7.2, 1 mM EDTA, 5 
mM EGTA, 10 mM MgCk, 50 mM p-Glycerophosphate, 1 mM Na 3 V0 4 , 2 mM DTT, 1 
\xM Microcystis COMPLETE protease inhibitor tablet, no detergent). Following a thirty- 
minute incubation on ice, cortex homogenate samples are centrifuged (100,000 G) for 30 

15 minutes at 4°C (Ahmed, N.N., et al., Oncogene. 8, 1957 (1983)). The total protein 
concentration of homogenate is determined using the BCA method (Pierce). GSK-3P 
activity in cytosolic homogenate from vehicle- and compound-treated mice is then 
assayed. The kinase reaction occurs in a 50 nl total volume containing 20 mM MOPS pH 
7.4, 25 mM p-glycerol phosphate, 5 mM EGTA, 1 mM NA3VO4, 1 mM DTT, 15 mM 

2 0 MgCl 2 , 100 nM cold ATP, 200 pM CREB peptide, 10 nL cytosolic cortex brain 

homogenate, and 5 \id y- 33 P-ATP. The reactions are incubated for thirty minutes at 30°C 
using a Costar round-96 polypropylene plate. Reactions are then stopped with the 
addition of 10% H3PO4 and transferred to a Millipore MAPH-NOB 96-well 
phosphocellulose plate. Next, the reaction is incubated at room temperature for 1.5 hours, 

2 5 filtered and washed with 320 \xl 0.75% K^PO^ and filtered and washed with 160 \il 

H3PO4 at the same concentration using a vacuum manifold. Hie filter plate is then placed 
in a carrier plate, and lOOjol of Microscint 20 is added to each well. The plate is sealed 
with sealing tape and incubated overnight at room temperature. The following day, the 
filter plate is read for 33 P on Top Count (Packard). Finally, CPM is normalized to CPM 

30 per^ig of total protein. Hie compound of Example 121 was tested in this assay and 
inhibited kinase activity by 30% at a dose of 20 mg/kg. 
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Beta-Catenin Protection Assay 
The beta-catenin assay is the fold induction over basal beta-catenin and is 
performed according to standard protocols (Hedgepeth, CM., Dev. Biol.. 185, 82-91 
(1997); Chen, G., et al., J. Neurochem. . 72, 1327-1330 (1999); Hong, M., et L 
5 BioL Chem.. 272, 25326-25332 (1997)). 

The human familial Alzheimer's disease (FAD) preseniiin-1 AG04160C 
lymphoblast cell line (Coriell Cell Repository, Camden, NJ) is maintained as a suspension 
culture in RPMI 1640 (with L-Glutamine) supplemented with 10% fetal bovine serum and 
1% penicillin-streptomycin in an atmosphere of 37°C and 5% C0 2 . The AG04160C FAD 

10 lymphoblast cells are seeded in T-25 cm 2 flasks at 2.5 to 5.0 X10 s cells/ml in a total 
volume of 10 ml. Following 16-18 hours of growth, cells are treated with compound at 
concentrations of 0.1 |iM, 1.0 pM, and 10 j*M, and are incubated for an additional 24 
hours. At the completion of the 24-hour incubation, cells are harvested, washed with PBS, 
and lysed in freshly prepared lysis buffer (10 mM K2HPO4 pH 7.2, 1 mM EDTA, 5 mM 

15 EGTA, 10 mM MgCl 2 , 50 mM P-Glycerophosphate, 1 mM Na 3 V0 4 , 2 mM DTP, 1 yM 
Microcystin, 1 mM PMSF, 10 ng/ml leupeptin, 1 pgfail pepstatin, 1 jig/ml aprotinin, 1% 
Triton X-100). After a thirty-minute incubation on ice, cells are centrifuged (14,000 rpm) 
for 30 minutes at 4°C, and resulting supernatants are used as whole cell lysates. The total 
protein concentration in whole cell Iysate samples is determined using the BCA method 

20 (Pierce). Next, 15 |ig of sample is loaded on a 10% Bis-Tris NuPage gel and transferred 
to a pure nitrocellulose membrane followed by p-catenin immunoblot analysis using a fj- 
catenin specific antibody (Transduction Labs). The P-catenin accumulation/stability is 
then quantified following densitometry analysis of protein bands (Kodak Digital Science). 
Final results are reported as fold induction over basal P-catenin. The compound of 

25 Example 121 was tested in this assay and induced a 9.8-fold induction of P-catenin at 0.1 
MM. 

Bone Deposition 

Vehicle or test compound in vehicle (1% Caiboxymethylcellulose sodium, 0.25% 
3 0 Polysorbale 80, and 0.05% Dow Corning Antifoam 1510-US in purified water) is 

administered orally by gavage to female Fischer 344 rats daily for 4 days with three rats in 
each dosage group. Hie rats are delivered for necropsy and sections of formalin-fixed, 
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paraffin-embedded bone are examined microscopically to evaluate osteoblast proliferation 
and deposition of osteoid. 



The compounds in the following tables were tested essentially as described above 
and hypertrophy and proliferation of osteoblasts along surfaces of medullary trabecula and 
the cortical periosteum accompanied by production of osteoid was observed. 



Compound 
(Example #) 


lOmg/kg 


50 mg/kg 


150 mg/kg 


200 mg/kg 


264 


Not tested 


+ 


Not tested 


Not tested 


252 


Not tested 


+ 


Not tested 


Not tested 


! 321 


Not tested 


+ • 


Not tested 


Not tested 


334 


Not tested 


+ 


Not tested 


Not tested 


365 




+ 


Not tested 


Not tested 


351 


Not tested 


+ 


Not tested 


Not tested 


427 


Not tested 


+ 


Not tested 


Not tested 


560 


Not tested 


+ 


+ 


Not tested 


472 


Not tested 




Not tested 


+ 



"+" = hypertrophy and proliferation of osteoblasts with production of osteoid observed 

= hypertrophy and proliferation of osteoblasts with production of osteoid not observed 
at this dose 

"Not tested" = compound not tested at this dose 



The compound of Example 365 was tested again essentially as described above at 
0, 3, 10, and 30 mg/kg with four rats at each dosage level for 21 days. The vertebra and 
the femur were submitted for analysis of bone mineral density (BMD), bone mineral 
content (BMC), and cross sectional area following 21 days of daily dosing with the 
compound of Example 365. The results from this analysis indicate a significant increase 
in BMD and BMC relative to control (p<0.05) without a significant change in cross 
sectional area in both vertebra and femur. Osteoblast proliferation occurred early 
followed by deposition of new bone by Day 21, but osteoblast proliferation and trabecular 
hypertrophy were confined to rats given 30 mg/kg of the compound of Example 365 in 
this study. 

These data illustrate that short-term exposure to GSK-3 inhibitors stimulates 
deposition of new and functional bone. 
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QvariectO miTftH Pat Aeefty 

Six-month-old virgin Sprague-Dawley rats are maintained on a 12-hour light, 12- 
hour dark cycle at 22°C with ad lib**™i*cce$s to food (TD89222 with 0.5% calcium and 
0.4% phosphate, Teklad, Madison, WI) and water. Bilateral or sham ovariectomies are 
performed on the rats and they are allowed to lose bone for 1 month. When the rats are 7 
months old, sham and ovariectomized (Ovx) controls (7 animals per group) are orally 
administered vehicle (1% caiboxymethyl cellulose/0.25% Tween 80) and a second group 
of 7 Ovx animals is orally administered the test compound in vehicle. Dosing is done 
once a day for 2 months. At the end of 2 months, rats are euthanized using CO2 
anesthesia and left femur and vertebra are removed, cleaned of soft tissue and stored in 
50% ethanoJ/saline. Bones are analyzed by QCT as described previously (Sato M., 
Comparative x-ray densitometry of bones from ovariectomized rats. Bone 17:157S-162S 
(1995); Sato M., Kim J.., Short Li., Slemenda C.W, Bryant H.U., Longitudinal and cross- 
sectional analysis of raloxifene effects on tibiae from ovariectomized aged rats. J 
Pharmacol Exp Ther 272: 1 252-1 ZSQ (1995)). 

Ovariectomy reduced vertebral bone mineral density (BMD) by 18 % and femoral 
midshaft BMD by 5.1%. Oral administration of the compound of Example 252 at 3 
mg/kg increased both vertebral BMD and femoral midshaft BMD back to sham control 
levels (P<0.05 compared to Ovx control). Thus, the compound of Example 252 was 
active in restoring lost bone both at trabecular and cortical bone sites. 

Oral administration of the compounds of the present invention is preferred. 
However, oral administration is not the only route or even the only preferred route. For 
example, transdermal administration may be very desirable for patients who are forgetful 
or petulant about taking oral medicine, and the intravenous route may be preferred as a 
matter of convenience or to avoid potential complications related to oral administration. 
Compounds of Formula I may also be administered by the percutaneous, intramuscular, 
intranasal or intrarectal route in particular circumstances. Hie route of administration 
may be varied in any way, limited by the physical properties of the drugs, the convenience 
of the patient and the caregiver, and other relevant circumstances (Remington's 
Pharmaceutical Sciences. 18th Edition, Mack Publishing Co. (1990)). 
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The pharmaceutical compositions are prepared in a manner well known in the 
pharmaceutical ait Hie carrier or excipient may be a solid, semi-solid, or liquid material 
that can serve as a vehicle or medium for the active ingredient. Suitable earners or 
excipients are well known in the art. The pharmaceutical composition may be adapted for 
oral, inhalation, parenteral, or topical use and may be administered to the patient in the 
form of tablets, capsules, aerosols, inhalants, suppositories, solutions, suspensions, or the 
like. 

Hie compounds of the present invention may be administered orally, for example, 
with an inert diluent or capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the compounds may be incorporated with excipients and used 
in the form of tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing 
gums and the like. These preparations should contain at least 4% of the compound of the 
present invention, the active ingredient, but may be varied depending upon the particular 
form and may conveniently be between 4% to about 70% of the weight of the unit. The 
amount of the compound present in compositions is such that a suitable dosage will be 
obtained. Preferred compositions and preparations of the present invention may be 
determined by methods well known to the skilled artisan. 

The tablets, pills, capsules, troches, and the like may also contain one or more of 
the following adjuvants: binders such as povidone, hydroxypropyl cellulose, 
microcrystalline cellulose, or gelatin; excipients or diluents such as: starch, lactose, 
microcrystalline cellulose or dicalcium phosphate, disintegrating agents such as: 
croscarmellose, crospovidone, sodium starch glycolate, corn starch and the like; lubricants 
such as: magnesium stearate, steric acid, talc or hydrogenated vegetable oil; glidants such 
as colloidal silicon dioxide; wetting agents such as: sodium lauryl sulfate and polysoibate 
80; and sweetening agents such as: sucrose, aspartame or saccharin may be added or a 
flavoring agent such as: peppermint, methyl salicylate or orange flavoring. When the 
dosage unit form is a capsule, it may contain, in addition to materials of the above type, a 
liquid carrier such as polyethylene glycol or a fatty oil. Other dosage unit forms may 
contain other various materials that modify the physical form of the dosage unit, for 
example, as coatings. Thus, tablets or pills may be coated with sugar, hydroxypropyl 
methylcellulose, polymethacrylates, or other coating agents. Symps may contain, in 
addition to the present compounds, sucrose as a sweetening agent and certain 
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preservatives, dyes and colorings and flavors. Materials used in preparing these various 
compositions should be phannaceutically pure and non-toxic in the amounts used. 

The compounds of Formula I are generally effective over a wide dosage range. 
For example, dosages per day normally fall within the range of about 0.0001 to about 
30 mg/kg of body weight. In some instances dosage levels below the lower limit of 
the aforesaid range may be more than adequate, while in other cases still larger doses 
may be employed without causing any harmful side effect, and therefore the above 
dosage range is not intended to limit the scope of the invention in any way. It will be 
understood that the amount of the compound actually administered will be determined 
by a physician, in the light of the relevant circumstances, including the condition to be 
treated, the chosen route of administration, the actual compound or compounds 
administered, the age, weight, and response of the individual patient, and the severity 
of the patient's symptoms. 



